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J.  E.  HUNTER  AM)  D.  E.  HALEY 

Department  of  Agricultural  and  Biological  ChemiHtry, 

The  Pennsylvania   State  College.   State  College.   I'ennsylvania 

(Uti'i'wii]  for  Puhllcdf i(ni  '<-'>-'!(i) 
The  t'('('(liii<z'  of  toltncco  for  the  control  of  intestinal  ])arasitos 
in  fowls  has  lonjr  In-en  practiced.  This  is  trn<'.  especially,  for 
round  worms  (  Ascaridia  lineata  )  in  chicks.  As  ordinai'ily  ])rac- 
ticed.  liowever.  the  feeding'  (tf  tohacco  in  the  ration  ai)pears  to 
intei'fei'e  witli  the  normal  metabolism  of  the  chicks.  Consider- 
able attention,  thei-efore.  lias  been  <:iven  to  the  (piantity  of  to- 
bacco fed  and  the  durati(tii  of  fe(Mlin«i'.  P>each  and  Freeborn\ 
foi-  example,  have  i-ecommeiided  that  a  ration  containin«r  two 
))er  cent  of  tobacco  of  one  and  one-lialf  |)ercent  nicotine  \)o  fed 
foi-  |)eriods  of  thi'ee  or  four  weeks,  and  then  discont iinie(i.  Re- 
centlv,  howevei".  these  invest  i^'atoi's'  haxc  called  attention  to  the 
fact  that  tlie  tobacco  apj>eai-s  to  make  the  ration  unpalatable 
and  that  the  bii-ds  that  arc  most  s<'rious|y  afrect<Ml  with  intei-iud 
l)ai-asites  may  not  i)artake  of  it  to  any  considerable  extent. 
They  now  I'ecoiumeud  the  feedin*^'  of  a  nicotine  sulfate  pre- 
paration but  find  that  this  |)i'actice  is  not  entir<'ly  satisfactory, 
as  it   may  prove  toxic  to  the  bir<ls  tliemselv<'s. 

*  Publication   authorized  l)y   the   Director  of   the    Pennsylvania   Agri- 
cultural Experiment   Station  as  Technical  Paper  No.  510. 

1  Bka(  11.  J.  R..  AND  Fkkkhop.n.  S.  B.    Cal.  Agr.  Exp.  Sta.  Circular  No. 

251,  1922. 

-BKA(n.  J.   R..   ANU   Fhkkhokn.   S.    B.    Cal.    Agr.    Extension    Circular 

No.  8,  1927. 

r,i 
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,.|„|IM,.    Car,-,  a,i,l    K..nu,nl     U.nu.\  tlu.t   ,roun.l   t„l,a.vo  a,!- 

,..',;;!:i;,.n •. '•-■'-•'--■-;':  :ri;::;:;:,r:: 

„„,  ,.aus,.s„nun,lu..s,i,uulan..„.as,.v,,l,.,u-..,    In   ■"  ' 

„on  in  .1,0  .■,...,.s  .,r  tl„.  .IncUs  f,.,l  .....,...•.,  as  .o.npa  1  o  - 
f,.a  a  toban.<>-fn.,.  ration,  a  fact  .Inch  nu.y  s,,n,t>  a  L.tta 
Utilization  ot  i)r()l(Mns  as  a  i->--  <-    -    ■  vsn-ther  studv. 

11  cotmc  content    is   used,    i(  ss    m.uji    i 

nr.intain  a  -'ivn  ...ncontration  ..f  nicofn..  n,  th,.   t...,!  than 
to  iiianuain  <i  r>'^'"  .  ^     i.      i,,  tti  <  wav  there 

„f  ,„,„,,„  ,,oss,.ssin,'  a  low  nu.otn.o  .ont.n  .     In    Is  -" 
is   nn.v.nt.Ml   an    nn-luo  concentration    .n   tin-  ratnn,   of   toha  xo 
i:::!  !...n.r   tlnn,   nicotine.  .^^^^ 

^■•'^-;  ::r;;;:,;;:rr::s  ::;;;::'::;•:-:- -^ 
;::;;;:;'.:-;.;; ....^.  ^.^  ;t'-;;:x,' or:-".- 

l„w-nicotinc  tobacco,  as  nn'asurcl  Ia    tin    (tt,.t 

,,„,,    „„it,.  snsccptihb'  t,>  tin.  actnm  ot   nHM.tnn..     On  tlu    .>tlH 
.,,,„.,,  t   c  rational   nsc  of  this  c.nnponn,!.   ,t   ,s  ,,oss,l,l 
hanil.  iniou^ii   '  .n-irkcd  dcrcc  of  tolerance. 

I„,  ,  insihcr  orfranisn.  to  .Wvc'lop  a  maik,.     le. 
,„  „„,  ,xperinn.ntal  work  increasn,jr  qnanftn's  ot  tob.uu    « 

'"     "         ',        ,,    ,    ,,-,in    a.-rce   of   tolerance   could    be    at- 

'■••'•    '•;    •:;?;'•,,,;         '       L    in  a  n,axin,nn.  ..nantity  of  nico- 

::tc  Hi,: :;;  li--." ^'"•- -r-'' 'rtTS;; "''' 

.      1  •     ,...>.A-  liHl«'  (lan"'ei-  ot   miestation. 

cordin-  to  Aelxert*.  tliere  is  \ei>    litth    dan. 

KXPKRlMKNTATi 

K,ve  .M-onps  of  ci.ddccn   l-.lav  old  Sin.dc  Comb  White  Le-:- 

-"'"''^  "  I     ■       ,,.,,,,.,.v    bnxMlers    bavin<:    wire- 

,,„,„    ..„    Us    were    I"'-  ''       '      ^   '    ^  „  .,„„„,„,  „„,  ,.„..cived  no 

....cened  Hoors.     <■•;"",--"',.    IV   and    V   receive,!   dif- 

'"'""•'•"  ^''^'  ;•''''        Hn  1      '  on   d  tobacco   (5  p,.r  cnt  nicotine^ 
i'crent  (juantities  ot  tin«l\    .rouiiu  \ii  .rrouns  were 

,,,i,H  Jas  thoroughly  niixe<l  with  their  ration.     All  ,Moups 

.Puu..,u.s.  A.  G..  rxKU.  R.  H.,  .m>  K..vmu..  D.  C.    Jour.  A.r.  Res.. 

Vol.  20.1).  869.  1921. 

4  A(KKUT.  J.  E.    Private  communication.    19.iU. 
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,,.,,,  ,,.,^,n,,,,  in.-, ,"-.,!  "'■^-■'^-"■'-virT:''"' 

A,    „,c  san.e   „„,e.  an   Clio,-,    "^   '''^'''''   '7         ,,,.,,,,..,,  ,,,,, 
inba,-,-,.  reel,,,.-,,.  ol'W-ln.l-l'y    -'^^^1     ^.^^^^   ^.^  „..,.k.^,;n.,p 


.,„,Us  ,v,.,-c  conli.c.l   ,n   rallc,,,,,,-  l,a.l.--,e^  >'„•    ,-^ 

V        ,.ved  as  a  ,.l,,.cl<.     The  „nan.i.y  oftobaco  . .,  pe-- 
•        rro.ms   Vll     VIU.    IX   an,l    X   correspond,;, 


'111   inc<> 
I    to    the 
.(•tive   order, 


quantities  fed   GiDup-    »- 


:;:;::;i:!::i:'w:n'i.a;h;n.thr.,,.h,n,t,,,ee.^^^^^ 

".,.,,„  ,,„„p„siti,m  of  the  two  ratmns  ,s  ,nv,.n  ,n    1  abb    1. 


.M„,K.  I.-CoMPOsmoN    OF   T,,,;  HA-IMON^M,^ 


Uatioii   - 
pcmiKls 


Yellow  corn  meal 
Wheat  bran 

Flour,  wheat  middlings 
Alfalfa  leaf  meal 

Dry  buttermilk 

Fish  meal 

Meat  scrap 

Steamed  bone  meal 

Sodium  chloride  (NaCl) 

Cod  liver  oil 

(Ground  oats 

Total 


40 
If) 
If) 
10 
10 

r* 

o 

5 

2 

1 

1 

0 

T04 


40 

If) 

If) 

10 

10 
5 
5 
2 
1 
1 
10 


ni 
li. 


The  ,>ereenta,..s  of  <rrouna  tobacco   ^  •>  per  c 
,.nue  in  the  feed  of  the  ditVerent   .roups  ai 


,  per  cent  nicotine)   and 
are  shown  in  'Fahle 


T.\iu,K  II.— Ti 


.,   ,.„N,,.NT„.V,>ON    ,.,     T.H.VVO.^NON,- 

R\ri()Ns  FsKi) 


MM     IN     1111 


I'irst    W«'fk 


Sfiond    WtM'k 


(Irniip  No. 

II.  VII 

III.  VIII 

IV.   IX 

V.  X 


..     .-     >         'Pot. '1. -co      Ni(M.tin«' 
'l-">--"--"       ^'•""•'V  ,..•„,       IMT    r..nt 


Third    ami 
Kiiiiaiiiiii!-'    W<<ks 

Tnba»<"      Nicotiiif 
,„.r  c.-iit      P<T   <'^ 


0 

0 

.05 

0.0025 

.10 

0.0050 

.20 

0.0100 

M 

0.015 

0 

.1 

.2 
.4 


0 

0.005 
0.020 
0.040 

o.o:^o 


0 

0 

.2 

0.01 

.4 

0.02 

.8 

0.04 

1.2 

o.o>; 

Ih 


'■:.'l„chi,.ksforap,.rio,lonSw,...Us. 
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♦;i 


ro 


I  I/IHY  N('//:-V^'/' 


•  ( 
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(')(') 


pori/rRy  sriFNcE 


V  uvrc  living'  at  tlu'  ,'>ul  of  tl.e  ..x,>.-nn,.nt. 


\y   and 


"flfowT  ho 

CHAin  T.-Thk  Rati:  OF  Gm.^vTH 


Tu 


,,.,,  CO    ('C.NTKM     OK     .UK    RATU»N. 


,.„s„no,.„.,n  s.uai,.  w,.n.  '•;."""■'",,,  „ff.,.„.     Kk,..,-.- 

,,,i„,,|    l,y    lolm.ro   ol     )><     P"    '  .„    ,„,         ,,. 

suits   that    a,v   ,l...Hl>.<ll.v    lu,rn.t„l.       1 1- m    ".u 

,.  „„,  ,„„|,„rs  10  .rtiti.ially   inlVst   lanls 


lishcd    later. 

It    is   tli<'   iiili'iitiim   o 


i 


'^  qrowTn  bi  inafc6 
ChvRT  lI.-TiiE  Rate  of  Guowth  «>i    Mafi  rk  Lhk 

Thf  T()UA<c«)  Comknt  of  TiiK  Ration. 

witl,  .l.r.nV/m  /,»M,/.  ana  to  learn,  by  post-mortem  ^tnai-s    at 
whiel,   level  of  nieotine  fee,li,.-  infestation   ,s  ,,rovento,l.     It  is 

,      „  ,„.„|„ble  that   w,th  r..|a.ively  hu;.  ,uanft,es  ot   nu-otn.e 

■ieontinnally  tlu-on,.,  t,...  intestinal  traet  from     .a_dun. 

;„„.  ,„  ,„„„,i,y.  birds  „u,y  be  raise.l  on  uor„>-,nfested  ,MO.u,d 

without  (lan«rer  of  inft^tation. 

'n.ese  studies  show  ,l,ar!d,'iekr'e-n.  tolerate  larger  <,uantities 
,.r  nieotine  in  tobaeeo  tban  has  hitherto  been  reeomn.ended.  il  a 
,,i„|,  „„,„i,„,  strait,  of  tobaeeo  is  used  for  thts  pnrpose. 


A 


7:: 


H-?v 


■t 


si 


•■•"!;;;;uc"o  .;"^™  T<?KKKTn,,ZKK  TKKATMKXT-  = 

„f  ,1„.  „K,t,-rhils  (IcoiiKHl  iH'cc's«n.\.  and  to  _u.n I  ^ ^.^^   ,„-,„l„rti,.n  is 

:,;.;  „„t  .„„>-  unucess.,,-  ..ut  .v..n  'J-- -;.--;—;  '  ,-.......  may 

,„,  ...,„sid,.rably  u,flue,u-ed  by  man    .^'Y/        '    e^mplo   the  soil  of  the  ex- 
■^  ^'-  '-'•"--  ^--'^'''IV";  'riar tn l::;.:^^  Olnty.  Pennsylvania  is 

;;;-::;;^nn;::;;:::i:.::'^:"':^  :-'■■■ ,.„  ,,1,.  „.- ,.. ..  t.. 

,,li„„,,l  ,„  experiM.ent  l,avin,  this  ob.,eet,ve. 

Plan  of  the  experiment 

-1.  on.Mhu-tieth  or  an  a,.,v  .n  a  -  a  1^1  ^^^^^_^^^^^^    ^^.^,^  ^,^.  ^^.„,„„^ 

''■''''"""■^'  '   I...  tr-atnu.nts  an.  uivrn  in  table  1. 

ui,.nts.  but  no  manure.      I  lu    ti.atm  ^^^^  ^^^.^.^,  .j,^._ 

At  the  end  of  ti,e  .n.vin.  --';";;;;„    I'     .        ,,  , ,„ '„.nu,e,.ann.e. 

„,„.„.,      ,,   ,„e  ,„d   ';'";>-'„:;,.,,  „„,  u,.„t  .n  .ealed  ....eeptaeles 
\Vli..ndi.y.  the  webs  ol  the  lea\.  -  ^^<  "    -' 

„„.„,  s.:„i,.n  ;,s  •lV,-ln,i,.al  I'a,...,-  >....■."■'■      ^^.^,_  „^^  ,,..  ^V.  l^^^s,...  ..f  the 

.Tl.is   inv..sti,ati..u  «a.  ."...  ".....l    "  ^,,,,   .,.„„„,,.,    ,  „v,.s„km.h.»s, 

V.  s.  l.,„n.au  „r  n.nt   '-'-"■.~.      "";;;.  /'f    v.,„„ ■    .,(   ,l,e   V.un.yU.n,.   Ma,o 


1 


\  -; 


ITS 


I'L.WT    I'll  VSlOl.OdV 

TAliLE  1 

'KKTIl.l/.KK     ■IHKA'IM  KN'I'S     OK    Tl  i  K     F.  X  I'KK  1  M  1 .  N 'lA  I.     IM.OT 

A I  i;i:  UAsis 


I'lOT 
\  o . 

M 

AN  I  i;F. 

Cotton- 
seed 

MEAL 

V 

■|  A  i 

r  i  1  < 

RFriPT- 

1  i>  r.()\  i 

>-l'il  A'l  ! 

(1 

riKATK 
-  -;(>|tA 

Si 

1 

I.rilATK 

'O    ;      \   -    1   i 

Ihs. 

'  '  \ !;  !■;<> 
\  \i  i.  OK 
m  !A-~.  il 

lbs. 

^^•l   A 

iovx 

Ihs. 

Ihs. 

Ihs. 

lbs. 

A-1 

!M 

.}(MI 

i:;(i 

]-'< 

■J  n  ( 1 

A  _0 

1(1 

4iiti 

i;;i) 

1L'.'> 

4(1(1 

4           •  t 

-  A  — . )       . 
.\ — +       . 

1(1 

^  i  \ 
1  1  ' 

4IMI 

IMll 

1  'Ml 

1  •_>  -, 

(■.(1(1 

;;io 

\ 

A-.~) 

A-t'i 

10 

(".IHI 

lit.-. 

]s: 

;;ii(i 

.  \  —  ( 

t;iii) 

19.1 

is? 

r.dd 



A-S 

A-  it 
A- 111 

t'liiii 

I'tr, 
i!tr, 

4»">(t 

is: 
is: 

ls7 

!»()() 

4C.r) 
4(>ri 
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The  rciiKiinin-'  \Aun\>  were  siniihirly  cured  ;  ;it  tlif  ciul  of  this  period  they 
were  IVi-iiicnlcd  U^v  M'vcrjd  iiioiitlis.  rnifoi-iu  sain})lt's  tlicii  were  taken  tor 
Jinalyses.  as  iii.'iit  ioiied  ;d)ove.  and  a   part   of  the  reiiiaiiKh'i-  weiv  ina(h'  into 

ei^iurs. 

Analyses  of  tlie  saniph-s  were  made  aeeoi-din^-  to  nietliods  as  de>erd)ed 
in  i)i-evions  i)nhlieations  (1,2),  with  but  few  modiiieations.  A  special  etVort, 
however,  was  made  to  detei-mine  separately  the  solnble  and  in^olnhh'  |)or- 
lions  of  the  total  ash.  thns  <:-nai-din«:-  against  the  possibility  of  weiLihin--  tlu^ 
ealeinm  as  the  hvdrate  or  carbonate  r.'ther  than  the  oxide. 


Stikv  or  Til 


taiu:k  ]i 

1   AKi    IKM.    .MA(..\"i.SII  M.   SKKIMM    i;    ANl'    K(flA>>ll    M    (  ONIK.NT   OK    (    i    !;l 
A.--    1\KLI1N(II)    in     KKKTII.l/ri;    TIMAT.M  1  NT 


1.  T0HA»  (  () 


IM.O'I-   NO. 


A  - 

-1 

A- 

_>) 

.\- 

•> 

~> t  

.\- 

4    

7)    

.\- 

-'■•  1 

_                          1 
i       ' 

.\- 

-S 

~i»  

l'>      • 

<    A() 


III  /■  (■'  //  ' . 

7.!t.' 


1  . 

i 

t 

.  1. ) 
ir. 
7f. 

s 

»; 

.!'7 

1 

."1 

,  .t', 


jH  r  CI  III. 

(I. SI 

<t.7.'. 
(i.sd 
(I. si 

(l.iMi 

e.ifJ 
(i.si; 
(i.s.-. 

(I.Sl 

(I  s.', 


so 


K.O 


/"  /'  (I  tit. 
1.14 

i.ii; 
i.;;-j 
i.if. 

LIS 
1.4(1 
1.4  7 

i.c.s 

I.e.-. 

l.l'.t 


'  /''. 


j}l   /    I' I   I 

L\r.7 

v,:l\ 
1.71 
•J. SI 

;;.l:(; 

'>   .» ~ 
* ) .  —  J 

•J. SI 


11 
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Analytical  results 

A  stndv  of  the  calcium,  ma-nesium.  sulphur,  and  potassium  of  the  cured 

s;n,iph-s  was  made  first;  the  results  are  u'iven  in  table  11. 

Th.^  analv.,.   was  f.^llowed    by  a   study   of   the  soluble  and    insoluble  ash 

,,,,., ■line, ,t.  of  both  tiie  cured  and   renioMited  >.,Mples.  aiid   llM-ir  alkalinily; 
ll,,.  rr-uit-  ai-f  Liivt'ii  in  tables  1  1  1  and   l\  . 


A --11    Oh-   ■WW.    (   I   KK!>    AND    KK 


TAr.LK    111 

MKNTKl)    I   l.lAl:    Klll.KI;     M.^A^^U    As    MOIMKIKI.    V,\     KKKl  I  1 .1 /KH 
TREATMENT 


n. (VI- 
NO. 


Soi.rm.E 
CrKED  Fkk.mkntei) 


Tnsoi.khi.e 


Total 


Cl  HE!) 


A-1 

A--' 

A-:;  . 
A-4 
A  .'. 
A-t'. 
A  7 
A  s 
A  It 
A    lit 


jii  /■  (■'  // ' 

;',.!tit 

4.t'.4 
4.7f. 
4.7.1 
L\7!t 

.".(Ml 

7..1:', 
:;.44 


/" 

/■  l'(  II 

7..4it 

(■..(•1 

(;.:•;  s 
.-..7a 

•  ) .  1 1 

.-.4  It 

-l.ltd 

4.!t7 

7..tt2 

jK  r  I'l  II I . 

i:">.47 
1  1  .!t.-. 

iLl.it- 
11. Sit 

ii^.sr. 

]'2.:\:\ 

11.4S 

1-J.74 
rj.7i 

1-J.74 


FkK.MKNTKD  ClKEl) 


jii  r  n  II  f . 
le.4r. 
le. (■):'. 
le.m 

le.t'.l 
le.'JS 
le.(;7 
it.lt  I 

le..-.:; 
in. ,-.7 


jirr  Cl  II  f. 
17.4f. 
lC'..-.!t 
lt;.7S 
It;. 4(1 
l.'..f.4 
17.. ltd 
lt;.4S 
17.S7 
l('..lt4 
If..  IS 


Fekmentei) 

jii  r  Cl  II  t . 
l.-).lt4 
1C..C.4 
1C..4H 

1  <■..;'.! 

14.a7, 
](;.a7 
]4.S4 


ir...-.d 
l.-...-.lt 


.\l,KA!-lNri 


TAliLK   IV 

V    OK  Tin:   ASM   OK   (  ri;Ki.   ani>    kkkm  kni-kd   toua.  '  o 


.\!.kai.initv  ok  ash 


Pi  or  NO. 


Sol.l   Hl.E 


J  N  son  Hl.E 


'I'OTAI. 


(TKKd       !     FkK  MKNTKl.  ClllKO  FkKMKNTKD 


.\      1 
.\     ■_' 

.\  :; 
.\\ 
.\  .-. 
.\  f. 
.\  7 
A-s- 

A    it 

.\-  Id 


4t;.7 

4  71.7 

:;•'..(■> 
;'.s..-. 
•Js.l 


:;d.i 


re 

4;;. 

(". 

4S. 

■  > 

47. 

0 

4  It. 

(". 

lvs 

.. 

4(t 

.. 

:;ti 

.1 

c<\ 

:;oi».f 

L's  (>..■. 


CkKEI)        1     FEK  MKNTKl. 


41.it 


,.  .  ... 


•Js7.d 
\V.V1.\ 
L'itC.d 
.".dd.d 
i'.di'.l 


cc. 

;;is.7 
:;  ](•.(■' 
:',dd..- 

;;i  •_'.'■. 
:;d7.ii 
;•.:;.'..} 
•Jit:;.--' 

.".d-.o 
:;l7.d 


cc. 


;.-.f..;; 

>  ■ » .  1    " 

'/Jit.i 
;'j7...-i 
;ir..i 

;'.:;o.i 

:'.4i.r. 
.",(■.:'..(■. 

;;.'s.it 
:',  17..-. 

;>;'.(•>.  1 
;'.77..c. 
;-;i:;;.4 

;m7.s 
:'.7. 1.7. 


lie   s;i  iiioli'   iM 


frnucnnMl    licit. Ti;!!    fi<nu    \h\-   I'l-t    u;i^   n.'t    v.-rivcd. 


ISO 


I'l.AXT    IMlYSIOLfKiY 


Tiio  nitnxM'n-carbcii  ratio  of  the  cunHl  and  feriiicutcd  samples  tlien  was 
.scrrtained  ( tal)l.'  V  )  and  tlu"  results  ol'  sniokin-  tlio  experimental  ei-ars  ar. 
•jl\  .Ml  in  lal)!"'  \  1  • 

Nitrogen.  \i;n<'v  ';\ti(.  oy  ,  i  ki  m   vxh  ffumkxti-i>  toi^v  >o 


C'arbox 


X 


h;ex 


'l.o!     ^«». 


Cured 


Fermented 


Cured 


Fku.mented 


JH  r  Cr)!  I . 

A-1  40.2.1 

\_o  42.(H") 

A-:j 40.9t; 

A-4  42.0.") 

A  -r,  41. SC 

A-r,       ...  40.92 

A-7  4(».9r, 

A-s       ...  42.11 

A-!»       ...  40. e: 

A~lti     ...  42.24 


p(  r  ( 

r/// 

4(t. 

/4 

40.01 

41. 

K) 

41 

t;2 

41 

17 

41 

07 

41 

.')t» 

41 

.;;•; 

42 

.it;] 

pi  r  ci  II 
4.  i2 
4.:!S 
4.29 
4. SO 
4.47 

4.r,i 

4.44 
4..'.1 
4.24 


-  -,  — 
- 1,  t  I 

n.oo 

4. SI 
4.71 
4. it.") 
4.9;] 

r..i4 

7)  AH 
4.43 


X-C  ratio 


("11;  1 . 1 ) 


1; 

1  : 

1 

1 

1 

1 

1 

1 


9.1 
9.») 

9.r) 

s.s 

1».4 
9.1 
9.0 
9.5 
S.9 
;  10 


!-'!:i;M  i.NTi.i' 

1-79 

1  :  '<.2 

1  :  ^.ti 

1  :  S.s 

I  :  s.:", 

1  :  s.:: 

1:  s.l 

1  :  s.i- 
1  :  9.1 


Discussion  of  results 

Analvsrs  cf  the  cured  samples  showed  that  it  was  not  ])ossible  to  ma- 
teriallv  iieerease  the  ealeium  or  increase  the  potassium  content  by  the  ier- 
lili/rr'treatments  rmploved  ;  this  is  shown  in  table  11.  Analy.ses  ot  the  ier- 
nicntcd  sami>les.  however,  as  shown  in  table  111,  indicate  a  more  narrow 
pntasMum-calcium  ratio.  Accordn.^  to  table  11.  the  M.lphur  content  was  not 
iuHuenced  bv  the  hu-e  .piantity  of  sulphate  <.f  potash  additmus.  lhe>e 
results  indicate  that  the  solution  of  the  problem  may  not  l)e  reached  by 
jM.tash  api>lications  alone.  More  attention  must  be  -iven  to  those  tactors 
which  have  to  .10  with  the  availability  of  s<.il  calcium.  In  this  counection 
the  advisabilitv  of  plowin-  under  a  cn.p  of  elover.  which  is  a  heavy  calcium 
icech'r  and  maintains  a  hi-h  nitn.-cn  content  <.r  the  soil,  is  <p,e>t  lone.l. 

The  data  in  tabic   111  show  a  marked  decrease  in  soluble  ash  ot   the  ler- 
HHmte.l.  as  c(miparcd   with  the  cured  samples.      Probably  this  is  ,luc  to  the 
h.ss  of  such  material  n,  tl.c  handlin.-  of  the  tobacco.     (Nms.derable  .piantitio 
nf  soil  an.l  sand  mav  adhen'  to  the  leaves  of  the  harvested   plants,  owm-  to 
,  ..ummv  coverin-  of  the  leaves,  and  even  may  persist  over  the  iMMMod  ot  air- 
curin-   "  As  this  -ummy  material  disapjx'ars  durin-  fermentation,  there  is  a 
ehance  for  a  noticeable  loss  of  inor-anic  material   in  this  proces.s.      At  the 
same  time,  there  is  a   possibility  that  an  e.piilibrium  is  established  between 
Ihe  web  and  the  midrib  or  stem  durin-  f.-rnumtat i.m.  result  in-  in  a  loss  ot 
calcium  from  the  web  to  the  midrib  or  stem  and  an  increas.>  of  sul).staures. 
such  as  ])otassium.  in  the  web  at  the  expense  of  these  portions. 


iiali:y,  LoN(;i:xi:('Ki:u  and  olson  :  c^ialitv  of  tobacco 
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SMOKIN(i    Qr.M.rriKS    of    CICAKS    M.\I)K    from    TllK    192S    CKOF 

TUKFK-VKAi:    ROTATION  ■ 


ISl 


.--.v.MPLE 

r.'KN 

NO. 

pniiifs 

A-1 

IS 

A-~2 

17 

A -3     .. 

18 

«     < 
.1    1 

19 

A  -'     .. 

15 

A-t'     .. 

18 

A-7     .. 

18 

A'^     ... 

18 

A-:»    .. 

16 

A-liJ  .. 

16 

FlRE- 

TI<~>T.!)1\'G 

cAi'Ai.  rrv 


(  'oi.oi;  (iF      >   itn  !  IM  NCE 


poi II  Is 

10 
10 
10 
10 

5 

10 
10 
10 

7 
10 


points 
8 
8 
6 
8 
8 
6 
6 
8 
6 
5 


points 
8 
6 
8 
8 
6 
8 
8 
8 
8 
8 


.\i:OMA 


I  A.-'l  i' 


OTAL 


juii  II  's 
1.') 

18 

18 

18 

10 

16 

16 

18 

16 

16 


J)ni}lf,S 
1.1 

15 
15 
15 
12 
14 
14 

It; 

14 
14 


j)oi  n  fs 

:\ 

71 
75 

78 


I  — 


I  — 


7H 
07 
69 


\-l   Coherent.     ]/.^l.t  gray  ash.     Slight  rl.ar.     Holds  fire  0-7  nunutes. 
\--    Flakes  slightlv.     Light  ash.     Slight  ehar.     Hohls  tiro  0--    nunutes. 
\-'5   Coherent.     VIediu.n  gray  ash.     Slight  char.     Holds  tire  0-.    .n.nutes. 
\^-Mol,erent.     Fight  ash.     Slight  rhar.     Holds  fire  0-7   minutes. 
V-1    Fairlv-ehereut.      Mottled  ash.      Chars  badly.      Holds  lire  less  than  5  nunutes. 
\_.;   Fohe'rent.     Medunu  gray  ash.     Hiars  slightly.     Holds  lire  0-7  nunutes. 
\-7   Coherent.     Medunn  gray  ash.     Chars  slightly.     Holds  fire  0-7  minutes. 
\-S   Coherent.     Light   gray  ash.     Chars   very  slightly.      Holds   lire  0-7   nunutes. 
\-;»   (  <d>erent.     Medium  gray  ash.     Chars.     Holds  tire  5-0  minutes. 
A-ie  Coherent.      Dark   ash.      Chars.      Holds   tire   f>-7   nunutes. 

•    \  T^erfert  score  would  have  been  a^  f.dlows: 

^                 ,,                                                                                           2t)   points 
j>urn       ' 

.,:,,.  10    i>oints 

ling  rai'acit\    i 

1(1    points 


I-  \vv  lioid 

( 'olor  ot'  asli 

,,   ,  .•  .,  .],  le  ]>oints 

(.Ohereme  ot  a>n      ' 

25  ])oints 

25  pitints 


Ar<una 
Taste 


ol    t!i> 


,..,.  has  been  a  material  increase.  ...  ...ost   ...stances.  ...  the  soluble  ash 

.  web  <lurino'  fern.entat.on:  these  d.trcrences  in  perceiitaoes  cannot 
b,.  accnunted  for  on  the  basis  of  a  loss  of  ni-an.e  matter  duriiio-  te,-me..ta- 
n.„  If  this  is  crrect.  tl.m.  the  fernientat  iou  of  cioardeat  tobacco  has  a 
.  .....tieance  not  usually  taken  into  co.,s,dc,-al  .<....  1..  onler  to  correctly  in- 
terpret the  data  in  tables  111  and  1 V.  l.oweve,-.  t  he  tntal  loss  nl  ash  con- 
Miiueiits  and  ..i-o-anic  matter  sh.nild  be  known. 

Ti..  aata  in  table  V  show,  with  one  except. o„.  a  ..arrow...-  ol  the  n.tro- 
..e.-earbon  ratio  in  the  fermentation  process.  They  further  show  that  there 
inuM   have  been  a  relatively  small  an.ou.it   of  nilroovn  h>st  durinu^  the  ter- 
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uwnVMum   i>nKM>ss.      It  must   In-  rvuwn^h.vvil  liow.vcr.  that   tlic  feniuMita- 
tion  was  ,H»1  sufiicientlv  ,.n.io.,.^r,l  to  insure  ll.c  best  ,,uality  of  t()])arc-().     '\  he 

„,,•!..„,  rnni.nl   ^>r  t!,^'  r,,iv,l  ;nul   tenueul.Hl  samples  is.  .m  llie  nnIm.I..  .(Uite 

II  i!  i  t  (  >\-\\\. 

Tiil.lr  \-l  -iinu>  ihal  ei-;tl--  ma.le  tVelll  lie-  teh.-lcM,  of  pinl  A  ..  wrvr  111- 
|-,,,;,,,'.  ,,,  ,!,,.  oiImT..  On  til.'  nnIm.I.'.  hewever.  tlw  sUiekiii-  leMs  w.T-'  il!.^.-in->- 
,■;,,.,<, rx  Wr  l.Hi.'V  Ih;,!  1!M-  'iM-k  (iT  sntlirirnt  f. nn. Mil  ;.1  eei  aiM  a-m-  ^^-^.' 
.,)•  ,.vm-sl,a.hminu-  i.m  porlane..  All  ei-ars  teMe.l  .hn^^rd  a  n-lativly  UrjU 
..hlorophvil  eontent.*  In  onhT  to  study  the  etVeet  of  fertilizer  treatments 
n„  toha<-eo  bv  tlie  seore-eard  system  employed,  it  is  (h'sirable  tliat  the  tobaeeo 
1„.  frrmented  and  a-ed  for  a  mueli  hm-er  period  of  time  before  bem-  made 
into  eiizars  for  testin<i'. 

Conclusions 

The  results  of  these  investigations  ai)pear  to  warrant  tbe  following  r.m- 

clnsions: 

1.   The  fertilizer  treatments  employed  did  not  materially  alter  tlie  ratio 

of  potassium  to  ealeium  in  the  cured  leaves. 

1>.    Inereasin-  the  <iuantity  of  sulphate  of   potash   in  the  fertilizer  tivat- 
„i,.,,ts  does  not  result  in  inereasin-  tlie  (piantity  of  snlplmr  in  the  leaves. 

;;.    Durin-  the  process  of  fermentation  there  is  an  ai)parent   inerea-e  ol 
soluble  asli  constituents  in  the  leaves. 

4.  There  is  a  narrowin-  of  tlie  nitro-en-carbon  ratio  <lurin-  fermenta- 
tion, but  very  little,  if  any.  l(»ss  of  nitrojjeii. 

:).  The  <-trect  of  the  fei-tilizer  treatment  on  the  burninji'  (|iialities  of  the 
,.,..ars  made  from  the  ditferently  treated  tobaccos,  is  oversliadowed  by  in- 
sufhcicnt  termeiitation  and  a-in-.  (,)ualitat  ive  tests  of  thes.>  ci-ars  showed 
u  relativ.'ly  hii:h  concentration  of  chloroi)hyl!.  which  is  not  only  undesirable 
its.'lf.  but  also  indicat.'s  insufticient  fermentation. 

|)M'A!:T.MI   NT    OK     A  < .  K  P    '    1 .  1  1    K  A  1 ,     AM-     1".  lOLO' •  1  >   A  ' .    <  '  II  I .  M  I  ^'l  !;  X  . 
!'(■  \  \  -\  1   \   \  \  '  \    >■!  A'i  i     <  'o  M.M.I.. 

Id'fKKATllM-:   (ITKn 

1      II  \i.i;v.  1).  K..  XA--IT.  K.  S..  and  Olson,  <>tt...      A  Mudy  of  cn-taiii  r..iM 

slituents  of  the  loaf  and  their  relation   to  tlw  l)urnin,-  .,ualitic.  of 

tobacco.      Plant   lMiysiol.3;  ls:>    1!»7.      H'l'S. 
•)      (),.s..N.    OTTO,    and    llAiT.v.    1).    Iv      Kesnlts    of    P.bacco   c.xperim.'uts    m 

l>onnsylvania.    V.f-'l'   to    1!«27.      rennsylvania    A-r.    Kxp.   Sta.    r.ull. 

IK..  '2M).      lf>l*'.'. 

^  Chlornphyll.   'M.u.  NM.   ,n;,v    1,.'    fnnn.l    in    ni;iuv    ,,r   llir   .•i,L^■^■v   uu^^    m,    the    n,;,ikrl. 
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A  STI'DY  OF  THK  AMMONIA  CONTEXT  OF  CKiAU  SMOKh 

|)  .        K   .        11    A   Li;   \    .       <■  .       <)  .       .1    K   N    >   i:   N        A    N    1'       t)TT  O       O  I.  >  <)   V 

(A\  rri !  nv  i:  rioi  imA 

Tin'  iiUMil.-r  ..r  ri-ars  tiia  iiufact  ured  in  tlie  rml-d  Stal->  fnr  tlir  year 
l;i];l  ,.\r.T.lod  ^.:)nil.n()l).(.i()n.  while  m  r.>l*^  lh<-  iiiiinber  |  .r(  h  I  ik-o.  i  \\,i>  al.niP 
T.onO.OOd.OOO.  'idiesc  fi-ures  indicate  a  noti<-eable  dcci-easc  m  .Idiiand. 
Pn.bably  the  chief  cause  for  this  is  the  increasing-  popularity  of  ci-arettes. 
However,  the  (piality  of  the  ci<^-ars  now  on  the  market  may  be  a  factor  ot 
considerable  importance.  The  curin-  fermentation,  and  a-in-  processes 
have  a  -reat  deal  to  do  with  the  develoi)ment  of  a  i)leasant  aroma,  lack  ol 
harshness,  and  a  mild  physiolo-'ical  effect  when  smoked,  but  the  field  treat- 
ment of  tlie  tobacco  itself  may  be  of  overshadowing-  importanee. 

Pennsylvania  ranks  hi-h  as  a  i)rodm'er  of  ci-'ar-leaf  tobaeeo.  The  Penn- 
sylvania A-ricultural  Hxperiment  Station  and  the  Fnited  States  l)ei)art- 
ii'ieiil  of  A-ricultur.'  have  been  interested  for  a  number  of  years  in  the 
factors  that  affect  .piality  production.  Various  field  treatments  have  been 
eiiiph.yed  at  the  Tobacco  Hxperiment  IMots  at  Ki)hrata.  Faeli  year  a  con- 
sid.'rable  <piantity  of  the  tobacco  i)ro(liieed  is  fermented  and  made  into 
ci-ars  for  testin-  purposes.  As  a  rule,  the  ci-'ars  are  ma(h'  from  tobacco  less 
than  a  y.-ar  aftei-  the  crop  is  harvested.  P.ecause  of  insufhcieiit  a-in--.  these 
<M-ai-s  usually  produce  a  liarsli  unpleasant  smoke.  Tlie  burn,  coherence  of 
ash.  and  other  (pialities  may.  however,  be  studied  satisfactorily. 

The  physiolo-ical  effect  and  other  uiKh'sirable  (pialities  of  ci-ar  smoke 
have  been  attributed,  in  lar-e  measure,  to  the  nicotine  content,  althou--h 
ci-ar  si,i,,ke  is  known  to  contain  amimuiia.  aldehydes,  amines.  or<:anic  acids. 
carbnii  monoxide,  hydroca i-b..ns.  hydro-en  snli)liide,  hydro-en  cyanide.  i)yi-i- 
<line.  and  many  other  substances.  From  a  physiolo-ical  standpoint,  am- 
monia is  an  important  constituent  in  that  it  may  interfere  with  the  normal 
action  of  the  iH'art  an.l  produce  other  complications  if  [.resent  in  the  smoke 
ill  siitVirieiit  concent  rat  ions. 

Yrvy  little  lias  been  i-eporfed  on  the  ammonia  content  of  ci-ar  smoke. 
esporiall\-  tor  ci-ars  made  from  tobacco  of  known  history.  For  this  ivasoti 
11    was  .londed   to  make  a   study   of  this  const  it  lU'iit    in   the  smoke   of  ci-ars 

made   t'roiii    the  ex  pei-illieiital    tol)accos. 

1   P,iM„;,tiun    ■An\hnvy/r,\    \>^    llic    Dir.  (tor    u\    the    Prnn^vl  v;i  ni;t    A -ri.  nil  iira  1    Kx[Tn- 
i!iiTi1    St;iti(Hi   ;is   'rt'clmiiMl    l';iiM'r   no.   •>(!»;. 

-'  'I'liiv   iii\  c^l  io;ii  idii    \\;i^   (mukI  iiclcd    in   coopoi'Mt  ion    wiili 


>r.    W.    \V.    (i.VKNl.R.    ot     1 


r.   s.    r.Mrr:iii    (.r    lM;in1     iiMliiMi-v.   Ofli.-o   of    lM;int    Niitrilioii    -.nu] 
.iiHi     l'!(it'is-(ir     I'.     1>.    (.AKlMii;.     1  )oii;irtinont     ol 


it'    At:  ro  lion 


■,,li:icco    I  n\  •'■^t  i^'nt  ions, 
li(-     pcinis\  1\  .-iniM     St;it" 
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The  tt'sl  i'i,<:;irs  wciv  iii.ulr  n\  holly  of  tobacco  i^rown  oil  10  s('i)aralc  plots 
which   i-.'('.-i\,'(i   rcrlili/rr  i  tv.-it  niciils  ;H'(M.r(rni--  1o  the    plan   'jixrii    iii   a    piv- 

An   iii]<Tiii!n''ii!  siiKikm-'  apparaliiN  \\;i>  iiNcd.     S.Hiirw  ii,i  i 


5 


\   MtUS    j  ),|  pet' 

xilllil;,!-    lllflhnds    |!;!\,'    l.rcll    . '1 1 1  |  il  o\-< '*  1    liV    (ililcrs.       .Ii;\KL\>     '6       ll^t'<l    ati    ap- 
|,;n-;)tris  ill  whidi  ^ii.-ti(M!   \s;iN  ^tTiirc.l  liy  iiicatis  of  an  aspir;il(.r  which   tilh'tl 
hv  a  (M)iil  iiiii(»iis  iiilldw    of  walff  ainl  fiiipritMl  ;i1    i-c-iihii'  intciwaN  1>\    in'iiM.^ 
of  a  si])hoii.     (Jahxki;    i4,)    retained  the  essential   features  of  tliis  apparatus, 
but  modified  it  so  that  several  ei<iars  could  be  smoked  simultaneously.     (iAK- 
VI-.. \    .....v).-Mtiiv    IwnvoAPr    A\Ms  de\ised   for  worlc  Do-taiiiiuL:'  to  the  buniinu" 
qualities  of  tlie  ci<:ar  rather  than  to  the  chemistiy  of  tlie  smoke.     The  dura- 
tion of  eacli  pull'  was  10  seconds;  tiie  interval  between  ])utrs  was  oO  seconds. 
\ViLi:v  (9)  describes  a  similar  ai)])aratns.     Asiir.Ksox   (1)  nsed  an  aspii-ator 
which  evidently  was  turned  on  and  oil*  by  hand,  so  as  to  simulate  the  man- 
ner of  smokin«.i'  of  the  avera<:e  smoker.     ])()(ii;x   i2)   states  that  he  o])tained 
the  necessary  suction  l)v  the  use  of  a  water  pump  which  was  turned  on  and 
otr  at  re<iular  intervals  by  an  electi'ic  solenoid  valve.  o])erated  by  a  contact 
on  a  Harvard  kymo<:ra])h.     An  automatic  sii)hon  ari'an.Liement  was  tried,  but 
was  discontinued  as  unsat isfactoi'y. 

A'arions  methods  have  been  emi)loye(l   foi"  collectin<:-  the  active  coirstitu- 
eiits  of  smoke.      PxxiKX    i2i    reports  that   he  collected  the  smoke  oxov  water. 
allow(Ml  it  to  condense  for  one  hour  and  then  analyzed  the  a(pieous  solution 
for  ammonia.     Tho.ms  (  7  i  emjiloyed  three  jars  containin<:-  various  (piantities 
of  ]()  i)er  cent.  II., SO,  in  order  to  remove  the  basic  constituents  of  th(>  smoke. 
^Methods  of   analvses   emploved   bv  othei-  workei's   in   this  field   were   re- 
viewed.      \'i(Ki:ky  and  PrcilKK    (8)   develoi)ed  a  method   foi'  est  inuit  iii<!'  the 
ammoina  in  tobacco  and  tobacco  exti'acts  which  is  entirely  satisfactory  tor 
work  of  this  kind,     it  is  based  on  the  observation  that   nicotine  is  absorbed 
bv    nermutit    (a    s\-nthetic    ahnnino-silicate )    only    to   a    very    siiujll    extent. 
Avliei'eas  ammoina  max    be  (piant  itatively  removed  from  a   faintl\-  acid  solu- 
tion by  permutit.  set   \'v<'i'  b>-  alkali  and  determined  by  Xesslerizat ion.     The 
metluMl  whi(di  is  fully  (h'sei-ibed  b\-  \'i(Ki:ijv  and  I'rciiKR   ;8)   and  which,  i- 
a   modification  of  Foi.ix   and   l»i:i.i/s  method   for  the  determination   of  am- 
monia in  urine  '3  ■.  was  used  by  us  and  found  (piite  sat  isfjietory. 

The  smoking  apparatus 

Some  of  the  apparatus  pfe\ioiisly  used  by  us  i)r<»ve(l  iinsat  isfacto!'\-.  it 
was  felt  that  an  intermittent  si|)hon  could  be  made  that  would  -jiv.'  a 
re^nlai-  iiit<'rval  in  the  suction.  An  a|)paratus  was  devised  which  ))r<.ved 
satisfactory  'see  ti<j.  1  i.  It  was  so  regulated  that  each  \)\\\]'  lasteil  about  tl.> 
seconds   with   an   interval   between    puffs  of  •').)   seconds. 


.1  is  a  suction  flask  to  whicli  continuons  suction  is  a])})lied  by  means 
of  a  laboratory  vacniim  pnmp.  The  amount  of  suction  is  re<i'ulated  by 
means  of  a  valve.  />*,  (\  and  I)  are  absor])tion  tubes,  each  of  which  liolds 
•2')   rr.   (if   iM)    per   cent.    II    Sn^.       /•.'    is   ;i    'jl;iss  ciii'ai'   Imidcr.       r   is   a    tube   ;id- 

jiiiliiti^  ;iir  to  the  snclion  il.isl-;  .1.  when  ihc  wat^'r  \r\r\  in  the  intermit  t  cut 
v„in|,,,i!  (,'  is  !)eh)W-  llie  le\-el  of  the  inxci'trd  lipic  /•'.  WieMi  the  water  rises 
-[,,  ij|,.  l,'\cl  nf  t!ic  iiiN'crted  rnnneh  the  air  supply  is  ml  <<\'\'  and  the  \'a(Minin 
,.i-,.;ilrd  in  .1  draws  air  ihronuli  lie  ciuar.  W'lien  the  \\;iirr  r-'acln's  the  1ii|, 
of  the  cui'N'ed  tube  in  (t,  it  siphons  out  and  the  tube  F  is  a<:'ain  optMi.  air 
enters  tlie  suction  flask  .1   and  no  rdr  is  drawn  throu^'h  the  ciprar.     /  is  a 


I     ,  .  )  -   1  ,  I  ,1  :  

Im  U  I  IC     ilVMUIlIU, 


-"'I't' V        "v/>   .  i^        '/    . 


The  rate  of  flow  oi"  ^\ater  I'rom  /  is  rcLiulated  by  means  of  the  clamp  //. 
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BCD 


H 


Fli;.    1.       Iiitci-mittriil    -liidkiii^'   ;i]ip:i  i:n  u 


C( 


J'.efore  sm<»kiim'.  the  ci'jars  A\er<'  kej)t  in  i\  desiccator  containing-  A'l  per 
nt.  II  SO,.  At  2.")"  O..  according-  to  Wii.sox  ( 10  ' .  this  should  <:ive  an 
atniosphere  haviuLi'  a  relative  humidity  of  M)  \)vv  cent.  The  ends  of  the 
i-iLiars  were  cut  so  that  all  had  the  same  circumfei-ence.  Katdi  ciir'ar  then 
^\as  Weighed  and  smoked.      The  small  (piantity  of  tobacco  remaining'  at  the 
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('11(1  of  tiic  (^xporiiiKMit  was  wci-luMl  niul  subtracted  from  the  ori<»-iiial  ^\('i-•llt. 
In  this  way  the  wi^i^ht  of  tobacco  smoked  was  ascertained. 

li!   the  preliminary   work   it    was   found   that   'l^)  cc.  of   normal    II  SO,  m 

the  tirM   !iii>''  .-ih- -rl.^'.  1   niMri  ir,-i  My  all  of  i1m'  ammonia.     Sinco  w.'  J.^-^r.-d  to 
,1,., ,,,.,,, ,,,e  nirntni-.  hourvm-.  w.'  iis.mI  lM)  por  rent.   II_S<>,   msira^l.  ^^ 

1'hro.'    ci-ars    \\,t.'    suiok.Ml    before    the    acid    was    rcmow.l.      The    Im!;,! 
,,,iint    wi'   ;iiiiiiMeii;i    aiei    H-    r-iation    t"    the    tola!    nitro-en    eMM!,M;i    -1    th- 
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The  results  sh..w  that  apparently  ther.'  is  no  relation  between  the  am- 
monia content  of  ci-ar  smoke  and  the  fertilizer  treatment  received  l)y  the 
1(.l)acco.  This  is  not  sti-anuv  since  th.>  fertilizer  treatnnmt  did  n<.t  mate- 
i-ially  affect  the  nitro-jen  content  of  the  tobacco.  Tiie  first  seven  samples 
>how  a  close  correlation  between  the  total  nitro-vn  content  of  the  tobacco 
and  the  (piantity  of  ammonia  in  the  smoke.  Representative  sami)les  of  .s.'V- 
rral  conniiercial  ci-ars  made  almost  wholly  of  well  fei-mented  t<.bacc..  showed 
a  smoke  of  much  lo\\<'r  ammonia  content. 
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Summarv 


1.    An   apparatus   was  devised   wliicdi   i)roved   satisfactory    lor   the    inter- 


mit tent  smokini:'  0I  ciLiars. 


the    fertilizer    treatment    ot'    the 


■J.    ddiere    was    no    eorrelation     hetwceii 
tnbacc<,  and   the  amm..nia   content    .d'   the   smoke.      This   nia\-    not    li-ld   true 
t'(.i-  eiii'ai's  made  ..f  t  hor(Mi'jh]y   ferm.'Uted   t(d)acc(.. 
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Feed  Tobacco  Well 

Fennsylvania  Farmers 
Find  It  Fays 

B)   D.  E.  Haley 


Pr(,f?><ur     ..t     S,„l 


rii\  t.':hpnii^'.:  V  ,     rennsylsinii     Stite     lolicgf 


THE  system  of  agriculture  followed 
by  the  farmers  of  Lancaster  coun- 
ry,  Pennsylvania,  may  well  serve  as  an 
example  of  efficiency  for  many  other 
farming    communities    in    the    United 
States,    in    that    it    involves    addition 
rather    than    subtraction.      In    other 
words,  Lancaster  county  farmers  pride 
themselves  in  doing  all  that  is  human- 
ly possible  to  keep  their  soils  in  a  high 
state  of   fertility   through   the   liberal 
use  of  lime,  stable  manure,  commer- 
cial  fertilizers,  and  carefully  planned 
crop   rotations    which    always    include 
legumes. 

The  original  soils  were  quite  fertile 
and   they   were   selected   by   the  early 
German  settlers  for  this  reason.    These 
settlers,  we  are  told,  were  represcnta- 
tives    of    the 
twenty-fifth  suc- 
cessive generation 
of      farmers      in 
their      mother 
c  o  u  n  t  r  y,    and 
thus     were     well 
qualified    to    rec- 
ognize   the    crop- 
producing      pow- 
ei>>  of  a  soil  from 
a     ^tudy     of     the 
n  .1  t  i  V  e    vegeta- 
tion.        After      a 
turn      had      been 
ehoscn,      it       was 
Ii  a  n  d  c  d     down 
trom      father     to 
M)n    through   suc- 
ce^^Mve  g  e  n  e  r  a- 
iions.    It  has  been 


our  privilege,  on  several  occasions,  to 
visit  some  of  these  farms  which  have 
been  operated  by  the  same  family  for 
more  than  200  years,  and  which  still 
are  in  a  high  state  of  fertihty.  The 
Ephrata  Station  is  located  on  one  of 
these   farms. 

Field  work  on  Pennsylvania  tobac- 
co is  being  conducted  at  Ephrata,  Lan- 
caster county,  and  Lock  Haven,  Chn- 
ton  county.  The  greater  part  of  this 
work,  however,  is  conducted  at  the 
Ephrata  Station  under  the  direction 
of  the  Office  of  Tobacco  Investiga- 
tions, U.  S.  Bureau  of  Plant  Industry, 
in  cooperation  with  The  Pennsylvania 
State  College.  This  work  is  supervised 
by  Otto  Olson,  who  has  been  interest- 
ed in  investigations  dealing  with  cigar- 


Thi.  tobacco  received  165  pound,  of  urea.  19S  pound,  of  precipitated  bone, 
.„d  600  pound,  of  .uiphate  of  pota,h  per  acre,  and  wa,  grown  .n  a  four- 
year     rotation.        It     yielded      2,080     pound,     per     acre.        (Ephrata     Stat.on) 
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leaf  tobacco  for  a  long  period,  and  is 
thoroughly  familiar  with  the  agricul- 
tural conditions  prevailing  in  that  lo- 
cality. 

We  believe  that  held  experiments 
relating  to  the  tobacco  crop  of  this 
localitx  should  conlorni,  .is  closeK  as 
possible,     to     iIk'     i;eneiMl     .iL;rKiiIniiMl 

S\slCin      !lOV^       ll!      I  i[^lT,ll  h  Ml      .liui      WHKll, 

no  Joiil'):,  w  ,'.s  111  \i)_l;uc  ioii^;  hetoi'i.' 
.nn  ii)lvK'>.'o  1  !i  \  L'si  1  i;.u  ii>ns  w  cic  *.~(>n 
ducU'cl.  !  !iis  )Miii.\  li.is  been  ii^kl!\ 
lollcvvcd  M  !i)<.  1  plir.U.l  StUmii,  l)lU 
the  results  ot  I  lie  in\'csiiL;alions  Icid 
us  to  believe  that  some  modifications 
coidd  be  made  in  the  prevailing  meth- 

And  quality,  without  seriously  inter- 
fering with  the  present  general  pro- 
gram. 

The  Lancaster  count)  system  of  soil 
treatment  is  highly  satisfactory  as  re- 
gards crop  yields  and  the  preservation 
of  fertility,  but  the  soil  today  is  not 
necessarily  as  capable  of  producing  as 
good  a  quality  of  tobacco  as  it  was 
when  first  placed  under  cultivation. 
While  we  have  no  experimental  data 
to  show  whether  this  is  true  or  not, 
experience  with  virgin  soils  leads  tis  to 
raise  the  question.  While  it  is  entire- 
ly possible  for  the  farm  soils  of  today 
to  have  as  great  a  quantity  of  organic 
matter  and  the  necessary  mineral  nu- 
trients as  virgin  soils,  attention  must 
be  given  to  differences  which  may  ex- 
ist between  the  character  of  the  or- 
ganic matter  and  the  form  of  inor- 
ganic materials  in  virgin  soils,  as  com- 
pared with  the  cultivated  soils  of  to- 
day. In  other  words,  it  is  imperative 
to  consider  the  quantity  and  kind  of 
organic  matter,  and  the  quantity  and 
kind  of  commercial  fertilizers  added  to 
the  soil,  as  well  as  the  time  and  meth- 
od of  application. 

The   Use  of  Stable  Manure 

One  of  the  best  forms  of  organic 
matter  to  add  to  soils  is  stable  manure. 
The  beneficial  effects  of  a  single  appli- 
cation of  manure  have  been  known  to 
persist  for  more  than  5  0  vears.  Man- 
ure   contains    manv    bcnchcial    micro- 


organisms whicii  multiply  in  the  soil. 
In  addition,  it  stimulates  the  growth 
and  reproduction  of  those  micro-or- 
ganisms pre-existing  in  the  soil,  since 
it  serves  as  a  food  material  for  these 
lower  forms  of  plant  life  as  well  as 
those  of  a  higher  order.  It  must  be  rc- 
iiKiiiber^tl,  li()\ve\er,  tli.U  stable  ;iM- 
;un\  IS,  ,it  lv-1.  .ill  iiiih.il  iiK'ed  tertiii/- 
L  i\  \xitii  Mitr()i;e!i  ihe  [iredoiiim.U  iiig 
^'Lniem.  Moieov  ^t,  it  simuiKites  those 
M)il    ( 11"'" ,niisni>^    w  'iieli 


M.ne   lo   i!o 
1 
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ine  ti\,itii>ii  .it  ,!( niDspiuTic  iiit ri>;.;en 
^()  tli.u  an  af^plieation  ol  nianine  ma)' 
serve  both  as  a  direct  and  as  an  in- 
direct source  ot  soil  nitrogen.     This  is 

tion  when  questions  pertaining  to  to- 
bacco fertilizers  are  raised. 

Nitrogen  favors  the  vegetative  phase 
of  plant  growth,  hence  excessive  quan- 
tities delay  the  proper  ripening  of  to- 
bacco. Unripe  tobacco  cannot  be 
utilized  to  advantage  in  the  manufac- 
ture of  high  quality  cigars.  More- 
over, if  there  is  a  considerable  delay  in 
ripening,  there  is  likewise  a  danger 
from  frost;  frosted  plants  do  not  cure 
nor  ferment  properly. 

The  addition  of  stable  manure  im- 
mediately before  the  young  plants  are 
transplanted,  invariably  leads  to  a  de- 
ficiencv  of  nitrogen,  since  the  available 
supply  is  appropriated  for  a  time  by 
soil  micro-organisms.  This  condition 
may  be  largely  controlled  by  the  ad- 
dition of  a  nitrate  fertilizer  to  the 
manure  before  it  is  applied  to  the 
field,  or  shortly  after.  The  use  oi  sta- 
ble manure,  therefore,  may  lead  to  a 
lack  of  nitrogen  during  the  early 
stages  of  plant  growth,  and  to  in  ex- 
cess during  the  latter  stages. 

Our  experience  leads  us  to  believe 
that  there  is  no  valid  reason  for  the 
use  of  stable  manure  alone  as  a  fer- 
tilizer for  tobacco.  The  yield  is  con- 
sistently less,  the  quality  inferior,  and 
the  plants  are  less  resistant  to  the  in- 
vasion of  disease,  as  compared  with 
plants  which  draw  their  sustenance 
from  a  soil  receiving  applications  of 
properlv  reinforced  manure  or  other 
desirable  soil  treatments.     Good  quali- 


■•  >i 


Havana    Seedleaf    tobacco    is    carefully    harvested    at    the    Pennsylvania    Lock    Haven    Station. 
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t\  tobacco  has  been  obtained  through 
the  use  of  commercial  fertilizers  alone. 
Hence  we  recommend  that  manure  be 
applied  to  the  soil  elseu  here  in  the  ro- 
tation rather  than  directly  to  the  to- 
bacco crop,  so  that  its  maximum  ben- 
eficial effects  may  be  obtained  and  its 
injurious  effects  ma\  be  reduced  to  a 
minimum. 

Plowing  under  legumes  is  another 
method  practiced  by  Lancaster  county 
tobacco  growers,  in  order  to  supph  or- 
ganic matter  and  nitrogen  to  the  soil. 
This  practice  has  a  place  under  any 
progressive  s\stem  of  agriculture.  A 
measurable  quantity  of  soil  constitu- 
ents are  absorbed  And  utilized  during 
the  growth  of  the  legumes;  these  be- 
eome  available  to  succeedmg  crops, 
after  decomposition  has  taken  place. 
The  practice  of  plowing  under  stable 
manure  and  legumes,  which  is  so  prev- 
alent amoni:  tobacco  growers,  and  the 
lugh  nitrogen  content  of  the  tobacco 
crop,  lead  us  to  believe  that  the  Lan- 
caster countv  soils  are  relatively  high 
ni   nitrogen. 

What  has  been  said  does  not  neces- 
sarily minimize  the  importance  of  ni- 
trogen in  the  growth  of  the  tobacco 
plant.  No  plant  food  can  compare 
with  nitrogen  in  its  desirable  effects 
un  growth  and  quality;  this  is  known 


to  all  who  are  concerned  with  this  par- 
ticular crop.  No  one  would  recom- 
mend nitrogen  alone  as  a  tobacco  fer- 
tilizer; and  no  one  would  recommend 
a  fertilizer  lacking  in  nitrogen.  A 
proper  balancing  of  all  nutrientN  is 
necessary. 

The  Use  of  Lime 

A  soil  deficient  in  lime  is  not  usually 
a  very  fertile  soil.  The  general  ten- 
dencv  is  for  a  soil  to  lose  considerable 
quantities  of  this  material  after  being 
placed  under  cultivation.  If  the  lime 
content  is  not  maintained  within  cer- 
tain limits,  maximum  crop  production 
cannot  be  obtained.  The  rational  use 
of  lime,  therefore,  is  to  be  recom- 
mended. 

Lancaster  soils  are  ot  limestone  or- 
igin and  the  lime  content  appears  to 
be  retained  to  a  considerable  degree 
against  the  forces  of  leaching.  Some 
of  these  soils  can  be  cropped  tor  a  long 
period  \s  ithout  a  lime  application  be- 
ing necessarv.  If  a  soil  is  able  to  pro- 
duce a  good  crop  of  legumes,  lime  is 
not  a  limiting  factor.  .'\  soil,  how- 
ever, can  have  tot)  much  lime,  so  tar 
as  the  tobacco  crop  is  concerned.  We 
believe    that    this    is    a    factor    that     s 
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not    i;cnerall\'    recogni/.cd    by    the    to- 
b.icco  growers. 

The  efTect  of  a  high  concentr.uion 
of  lime  in  the  soil  is  to  render  soil  pot- 
ash and  potash  applied  in  fcrtili/ers 
more  insoluble.  Care  should  be  taken, 
tlicrcfore,  to  avoid  using  lime  where  it 
IS  not  necessar)';  and  to  axoid,  as  tar  as 
pt's^ihlc',  those  treatments,  such  as  Ap 
l^l'.rii;  I'xcess  ijumiitios  o\  rutro^cn- 
c-'(u, lining  materials,  wiiKlt  increase 
t:-.c    .i\  ailabiht\-  oi    the  limo  in   the  soil. 

In  addition  to  retuicrin;^  soil  potish 
iiiMiluhle,  our  I'esults  shov\  that  a  liii^ii 
cor.eentration  of  lime  tends  to  intci"- 
tcrc  with  the  direct  absorption  of  this 
material  by  the  plant,  especially  in  a 
cir\  season.  Under  these  conditions 
we  find  that  the  dry  matter  of  the 
cured  plants  contains  about  8  per  cent 
ot  lime  and  about  2  per  cent  of  pot- 
ash.. This  is  not  desirable;  the  large 
aniount  of  calcium  is  not  helpful  to 
the  "burn,"  while  the  low  content  of 
potash  is  even  more  undesirable  from 
tlic  standpoint  of  burning  qualitv. 
The  plants  also  contain  excessive  quan- 
tities of  nitrogen,  which  is  harmful  to 
tiic  burning  quality. 

Rain  appears  to  remove  some  of  the 


excess  calcium  and  nitrogen  from  the 
soil  without  necessarily  affecting  the 
potash  content.  At  the  same  time, 
there  is  a  response  in  root  development 
which  aids  in  the  increased  absorp- 
tion of  potash.  Our  results  show  that 
under  conditions  of  optimum  rainfall, 
the  plant  contains  less  nitrogen  and 
calcium,  and  more  potash. 

1  licre  IS  no  doubt  that  some  of  the 
soils  m  1  ancastcr  count\'  need  lime. 
On  the  other  j-iand,  w  c  know  of  good 
tolvivco  soils  tliu  line  recei\'ed  no 
lunc  tor  a  period  ot  Si)  \ears  .\nd  \et 
produce  crops  of  good  quality  tobac- 
co. Likewise,  possibly  there  are  some 
soils  that  are  quite  deficient  in  avail- 
able nitrogen.  In  choosing  a  tobacco 
fertilizer  formula,  therefore,  it  is  nec- 
essary to  approximate  the  average  soil 
conditions  of  the  county.  The  rec- 
ommendation of  1,000  to  1,200 
pounds  per  acre  of  a  3-S-12  or  a  5-^- 
12  fertilizer,  depending  upon  the  pre- 
ceding crop  and  whether  manure  is 
used,  is,  we  believe,  fundamentally 
sound.  This  will  increase  the  potasb 
content  of  the  tobacco,  lack  of  which 
appears  to  be  o{  first  importance  at 
this    time. 
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IN  making  the  biological  assay  of  food  materials  for  vitamin  A  we 
have  followed,  in  principle,  the  curative  procedure  suggested  by  Sher- 
man and  Munsell  (1)  which  requires  a  preliminary  feeding  (depletion)  peri- 
od to  rid  the  tissues  of  vitamin  A,  after  which  sufficient  vitamin  A-carrying 
food  is  added  barely  to  maintain  body  weight  for  a  period  of  8  weeks  or  to 
permit  of  slow  growth  not  to  exceed  3  grams  per  week.  Some  of  our  cura- 
tive experiments,  however,  have  been  conducted  for  5  instead  of  8  weeks 
for  the  reason  that  we  have  felt  that  the  shorter  time  was  adequate  for  the 
information  we  desired  to  obtain.  We  have  not  found  that  the  additional  3- 
week  period  has  added  much  information  and  the  shorter  period  is  less  ex- 
pensive and  time  consuming. 

In  the  past  we  have  observed,  from  time  to  time,  considerable  variabil- 
ity in  the  growth  response  of  rats  during  such  experiments  and  Hume  and 
Smith  (2),  Sherman  and  Burtis  (3)  and  others  have  recorded  similar  ob- 
servations. 

The  experiments  described  in  this  paper  are  the  result  of  an  attempt  to 
j)oint  out  that  one  of  the  reasons  for  divergent  results  in  the  assay  of  vita- 
min A  may  lie  in  the  variability  of  the  yeasts  or  other  materials  used  as  a 
source  of  the  vitamin  B  complex.  This  question  is  not  a  new  one,  for  Col- 
lison,  Hume,  Smcdley-^IcLean  and  Smith  (4),  Hopkins  (5)  and  Luce  and 
Smedley-McLean  (6)  have  already  raised  questions  regarding  the  variabil- 
ity of  yeast.  The  tlrst-named  (4)  were  of  the  opinion  that  their  sample  of 
marmite  was  deficient  in  vitamin  G  (B2),  while  the  others  (5,  6)  published 
evidence  to  show  that  certain  preparations  of  yeast  fat  contained  vitamin 
A.  Most  workers  have  assumed  that  yeasts  do  not  contain  vitamin  A  and 
Hume,  Smith  and  Smedley-McLean  (7)  have  shown  that  fats  from  certain 

*  Read  at  the  XIII  International  (Congress  of  Physiologists  at  Boston,  Mass.,  August,  1929. 
t  Publication  authorized  by  the  Director  of  the  Pennsylvania  Agricultural  Experiment  Sta- 
tion as  Technical  Paper  No.  504. 
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yeasts  were  devoid  of  this  vitamin.  Our  results  tend  to  show  that  yeasts 
mav  vary  in  their  potency  and  that  this  may  be  due  to  the  presence  of 
vitamiii  A  and  to  vari;d)ility  in  the  potency  of  the  vitamin  15  com})lcx. 

In  tlu;  rx])i'rinu'nts  described  in  tliis  pa})er,  the  rats  wore  taken  from  our 
own  Ijreodin.L^  colony  at  21  (hiysof  age,  at  whicli  time  they  avera,L(cd  al)OLit 
4U  grams  in  \vri,u,]it.  I>ilter  ir.atcs  were  (Hst  ribiitevl  tliroiicfliout  the  experi- 
n^'iUal  groui)s  to  eliminate  chances  for  error  due  to  litter  i)ecunarities 
and  at  least  10  animals  were  fed  each  type  of  experimental  ration.  Each 
growth  curve,  shown  in  the  charts,  represents  the  average  of  10  or  more 
individual  growth  records.  The  animals  were  fed  separately  in  individual 
cages  containing  false  bottoms  made  of  wire  mesh.  The  ration  consisted 
(in  parts  per  100)  of  casein  18,  agar  2,  salt  mixture  (McCoUum's  185)  4, 
(8)  and  dextrin  76.  Yeast,  in  weighed  amounts,  was  fed  (daily)  separate 
from  the  ration  and  distilled  water,  containing  a  trace  of  iodine,  was  fur- 
nished ad  libitum.  The  antirachitic  factor  was  furnished  by  irradiating 
the  ration  ('))  with  a  quartz  mercury  vapor  lamp. 

In  former  years  it  has  been  our  custom  to  feed  0.5  gram  of  yeast  daily  to 
furnish  the  vitamin  B  complex.  Under  these  conditions  we  have  been 
able  to  deplete  the  vitamin  A  reserves  in  37  days,  at  which  time  the  vi- 
tamin A-carrying  food  was  introduced.  The  end  of  the  depletion  period  is 
determined  by  a  sudden  and  sharp  drop  in  body  weight  or  by  a  cessation 
of  growth,  or,  occasionally,  by  a  bloody  nasal  discharge  or  by  the  appear- 
ance of  xerophthalmic  symptoms.  In  all  the  experiments  described  in 
this  paper,  two  drops  of  butter  fat  (66  mgm.)  have  been  used  as  a  constant 
and  uniform  source  of  vitamin  A. 

An  examination  of  the  records  of  700  rats  which  had  been  used  in  various 
ty})es  of  vitamin  A  experiments  revealed  the  fact  that  not  more  than  20 
per  cent  of  our  animals  had  shown  evidence  of  ophthalmia.  During  this 
work  we  had  used  a  uniform  supply  of  dried  yeast  as  the  source  of  the  vita- 
min B  complex.  Throughout  this  paper  this  yeast  will  be  designated  as 
Yeast  I. 

Yeast  I  was  received  at  the  laboratory  late  in  1925  and  the  supply  was 
sufficient  for  the  ensuing  two  years.  It  was  with  this  yeast  that  we  ob- 
tained an  average  growth  of  about  0  grams  per  week  during  the  depletion 
period,  which  averaged  37  days  in  length. 

In  January,  1928,  when  the  supply  of  Yeast  I  was  nearly  exhausted,  a 
second  shipment  of  yeast  (Yeast  IIj  was  obtained  from  the  same  manu- 
facturer. Additional  feeding  tests  (with  litter  mates  of  some  of  the  animals 
described  above),  identical  in  all  respects  except  that  Yeast  II  was  sub- 
stituted for  Yeast  I,  gave  disturbingly  different  results.  Instead  of  6-gram 


gains  in  the  depletion  period  we  obtained  an  average  gain  of  10  grams  for  5 
weeks  and  the  average  length  of  the  depletion  period  was  extended  from 
37  to  42  (hiys.  The  most  signillcant  difference,  however,  was  the  fact  that 
90  per  cent  of  our  animals  were  alilicted  with  definite  ophthalmic  symp- 
toms as  compared  with  20  per  cent  in  our  previous  work.  We  were  con- 
fronted, therefore,  with  an  anomalous  situation.  Our  data  indicated  that 
^\'ast  I  possessed  antiophthalmic  properties  but  poor  growth-promoting 
properties,  while  Yeast  II  stimulated  growth  but  possessed  no  power  to 
prevent  the  development  of  the  eye  disease. 

Although  the  supply  of  Yeast  I  was  nearly  exhausted,  we  were  able  to 
conduct  a  few  experiments  in  which  separate  groups  of  animals  received 
0.5  gram  daily  of  the  two  yeasts  up  to  the  end  of  the  depletion  period.  At 
that  point  the  yeasts  were  substituted  one  for  the  other  and  the  experiment 
was  continued.  The  ophthalmic  symptoms  in  the  group  which  had  pre- 
viously received  Yeast  II  disappeared  upon  the  introduction  of  Yeast  I 
but  the  animals  lost  weight  and  died.  These  experiments  led  us  to  believe 
that  we  had  some  evidence  to  show  that  vitamin  A  may  consist  of  two  fac- 
tors. Unfortunately,  we  were  unable  to  obtain  further  data  on  this  phase 
of  the  problem  owing  to  our  inability  to  obtain  an  additional  supply  of 
Yeast  I.  It  seems  evident  that  either  vitamin  A  consists  of  two  factors  or 
that  there  is  but  one  factor  which  has  different  and  separate  physiological 
roles  to  play  when  fed  at  different  levels.  We  are  inclined  to  the  belief  that 
further  work  will  substantiate  the  hypothesis  that  vitamin  A  consists  of  at 
least  two  factors,  one  which  is  specific  in  the  prevention  and  cure  of  oph- 
thalmia and  other  epithelial  disturbances,  and  another  which  possesses 
the  other  physiological  properties  usually  ascribed  to  vitamin  A. 

Yeast  II  was  then  extracted  with  ether  and  the  ether  extract  and  the 
yeast  residue  (now  designated  as  Yeast  II(x))  were  fed,  separately,  to  dif- 
ferent groups  of  animals.  When  Yeast  II(x)  was  fed  as  the  source  of  the 
vitamin  B  complex  the  growth  response  was  practically  identical  with  that 
obtained  with  (unextracted)  Yeast  II  except  that  the  depletion  period  was 
shortened  to  35  days.  When  the  ether  extract  was  freshly  prepared  and 
fed  at  the  high  level  of  0.5  gram  daily,  growth  was  stimulated  and  improve- 
ment was  observed  in  animals  afflicted  with  ophthalmia,  indicating  that  a 
trace  of  the  antiophthalmic  factor  was  present  when  the  extract  was  fed  at 
this  high  level,  which  was  roughly  100  times  the  amount  present  in  the 
daily  allotment  of  unextracted  yeast.  At  necropsy  the  animals  compared 
favorably  with  the  control  groups  which  received  two  drops  of  butter  fat 
daily.  Post  mortem  examinations  of  all  vitamin  A-deficient  animals  which 
received  Yeast  I  showed  lesions  in  the  lungs  and  occasionally  in  the  ears. 
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Since  we  have  been  using  Yeast  III  exclusively,  the  necropsies  have  re- 
vealed pus  in  the  sinuses,  both  nasal  and  mastoid,  in  the  throat,  kidney, 
l)lad(kT  and  rrpro(hicti\-e  s\s!('in,  corroborating  the  lin(iiin:s  of  Tyson 
and  Sniitli  and  otlicrs  ^  10,1  \M'. 

1hc  vitainiii  A  free  control  ,urou])s  died  in  10  to  11  da\'S.  When  this 
was  repealed  ()!i  ^'e;ist  III  i])r(Hluced  by  anotlier  nninufacturer  ^  tliegrowtli 
res})onse  was  surprisini^ly  good  but  the  (h-pletion  period  was  sliortened  to 
32  days,  oi)hthalmia  occurred  to  the  extent  of  100  per  cent,  and  the  animals 
died  in  10  to  14  days  following  the  depletion  point,  indicating  that  Yeast 
III  was  dehcient  in  vitamin  A.    A  study  ot  the  ether  extract  of  Yeast  HI 
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C'h  \i:  1  1. — .\\rra,uc  <zru\vth  curves  of  the  groups  which  received  Yeasts  I,  II  and  IIvx),  show- 
in;^'  th;it  the  depletion  period  was  len^-th.eneil  wlien  Yeast  II  was  fed.  All  animals  received  2  drops 
of  initter  fat  daily  durin;;  the  curative  period. 

verified  these  conclusions.  When  butter  fat  was  added  at  the  end  of  the  de- 
pletion i)eriod  we  obtained  the  greatest  growth  response  we  had  ever  ob- 
tained (see  ("hart  2).  It  a])})eared  evident,  therefore,  that  the  i^otency  of 
yeast  from  the  stan(l|)oint  of  tlie  vitamin  B  complex  might  be  the  cause  of 
this  j)ronounced  growth  resi~)onse. 

In  order  that  we  iniglit  obtain  further  light  on  the  relation  of  the  vitamin 
r>  comph'x  to  \itamin  A  res])onse.  four  groui)S  of  rats  were  j^laced  on  the 
experimental  ration.  I-'nnn  the  beginning  to  the  end  of  the  experiment  each 
rat  received  0.5  gram  of  yeast,  tlie  respective  experimental  grou]is  being 
divided  according  to  the  ty]K'  of  yeast  used.  Two  drops  of  butter  fat  were 
fed,  daily,  to  each  animal  at  the  end  of  the  (lei)letion  period.  The  only  ex- 
perimental variable  was  the  ty])e  of  yeast,  the  four  grou])s  receiving  ^'easts 
I,  Il(x),  III,  and  IV  respectively,  ^■east  IV  was  a  dried  yea^t  wdiich  had 
been  fortified  with  an  addition  of  veast  autolvsate. 


i 


An  examination  of  Graph  A,  Chart  2,  shows  that  growth  response  varied 
with  the  type  of  yeast  employed.  With  Yeast  I  the  growth  rates  during  the 

liipletion  and  curative  periods  were  6  grams  and  6.4  grams.  resj)ectively ; 
"Aidi  \'east  IKxi,  10  grams  and  8.0  grams,  respectively;  with  \'east  III, 
ajiproxinuitely  II  grams  during  both  periods;  while  Veast  IV  (from  a  third 
niaiiufaelurer'  i)ro(hiee(l  growtli  rates  ot  11  grams  and  <)  grams,  respec- 
lixcly.    Tliese  data  have  Ijcen  corrobor;ited  in  subsequent  exj)eriments.    It 
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(  HART  2. — draph  .\  shows  tlie  avcra.t;c  growth  curves  of  r;it>  receiving  0.5  pm.  of  different 
yea'^ts  (daily)  throughout  the  experiment  and  2  drops  of  i)Utter  fat  daily  during  the  curative 


[)crio(l. 


(jraphs  B  and  C  show  the  elTect  of  feeding  yeast  deficient  in  the  vitamin  I^  comjile.x  during  the 
'iepletion  period  and  changing  to  a  better  yeast  at  the  beginning  of  the  curative  period.  All 
animals  received  2  drops  of  butter  fat  (daily)  during  the  curative  period. 

seems  evident,  therefore,  that  the  source  of  the  vitamin  B  complex  is  a 
matter  of  greatest  importance  in  the  standardization  of  vitamin  A  tech- 
nique. 

Since  different  brands  of  yeast  intluenced  the  rate  of  growth  when  the 
source  of  vitamin  A  was  kept  constant,  we  tried  the  effect  of  substituting 
one  yeast  for  another  at  the  end  of  the  depletion  period.  In  Graph  C, 
Hiart  2,  are  shown  typical  growth  curves  obtained  when  two  groups  of 
rats  received  0.4  gram  of  Yeast  II (x)  during  the  depletion  period.  At  the 
end  of  this  period  both  groups  were  about  equal  in  body  weight.    At  this 


496 


BIOLOGIC  A  L  A  SSA  Y  OF  FOOD  MA  TERIA  LS  Vol,  III,  No.  5    |     I/...,  mi      II.  HONEYWELL,  R.  DUTCHER,  AND  J.  ELY  ^ 


point  Yeast  II(x)  was  removed  and  0.2  gram  of  Yeast  III  was  substituted 
in  one  group  while  0.5  gram  of  Yeast  III  was  added  to  the  diet  of  the  sec- 
ond group.  The  feeding  of  two  drops  of  butter  fat  was  started  simultane- 
ously in  both  grou[)s.  It  will  be  noted  that  the  growth  rate  in  the  curative 
period  was  nearly  doubled  by  the  increased  amount  of  Yeast  III.  Since  we 
j)rove(l  to  our  own  satisfaction  that  Yeast  III  was  devoid  of  vitamin  A,  we 
are  forced  to  conclude  that  the  increased  response  was  due,  in  all  proba- 
bility, to  the  additional  vitamin  B  complex  added. 

This  experiment  brings  out  two  points  worthy  of  emphasis:  1,  that  vita- 
iulu  A  response  is  correlated  with  the  vitamin  B  complex  supply  in  the  ra- 
tion, and  2,  that  the  rate  of  growth  after  vitamin  A  administration  is  not 
necessarily  a  function  of  the  weight  of  the  animal  at  the  beginning  of  the 
curative  period.  Sherman  and  Burtis  (3)  have  pointed  out  that  the  weight 
of  the  animal  at  the  beginning  of  the  curative  period  is  a  most  important 
factor,  affecting  subsequent  response  to  vitamin  A  feeding.  We  agree  with 
this  observation  but  desire  to  emphasize  that  this  is  not  necessarily  the  sole 
explanation. 

Our  assertion  that  body  weight  is  not  the  sole  criterion  in  this  regard  re- 
ceived additional  support  when  another  experiment  was  conducted  where 
0.6  gram  of  Yeast  III  was  fed  to  two  groups  of  rats  during  the  depletion 
period.  At  the  beginning  of  the  curative  period  both  groups  received  2 
drops  of  butter  fat  per  animal  but  the  amount  of  Yeast  III  was  changed 
from  0.6  gram  to  0.2  gram,  while  the  other  group  was  allowed  to  continue 
with  0.6  gram  of  Yeast  III  throughout  the  entire  experiment.  The  results 
are  shown  in  Graph  B,  Chart  2.  In  spite  of  the  greater  body  weight  at  the 
beginning  of  the  curative  period,  the  group  which  received  the  reduced 
amount  of  vitamin  B  complex  in  the  second  period  did  not  grow  well  after 
the  amount  of  yeast  had  been  reduced,  the  growth  rate  being  6  grams  per 
week  as  compared  with  19  grams  per  week  for  the  group  which  received 
0.6  gram  of  yeast  throughout  the  experiment.  This  was  the  only  ex- 
periment conducted  in  which  the  animals  were  all  males,  which  accounts 
for  the  greater  growth  response.  In  all  other  experiments  males  and  fe- 
males were  distributed  uniformly  among  the  groups. 

In  the  fmal  experiment  11  groups  of  animals  were  placed  on  experiment, 
of  which  7  groups  received  Yeast  III  in  graduated  amounts  ranging  from 
0.2  gram  to  0.8  gram  by  0.1  gram  intervals.  Four  groups  received  Yeast 
II(x)  in  0.2  gram  intervals,  the  daily  allotments  being  0.2,  0.4,  0.6  and  0.8 
gram,  respectively. 

An  examination  of  Graphs  A  and  B,  Chart  3,  shows  that  growth  re- 
sponses, in  the  depletion  period  and  after  the  introduction  of  2  drops  of 


I 


I 
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butter  fat  per  animal,  vary  with  the  amount  of  yeast  fed.  It  is  also  instruc- 
tive to  note  that  0.2  gram  of  Yeast  III  produced  somewhat  better  growth 
than  0.8  gram  of  Yeast  II(x).  Here  again  we  have  evidence  to  show  that 
the  weight  of  the  animal  at  the  beginning  of  the  curative  period  is  not  nec- 
essarily an  index  of  the  growth  response  to  be  expected  upon  the  introduc- 
tion of  vitamin  A,  for  the  reason  that  those  animals  which  received  0.2 
gram  of  Yeast  III  grew  better  (11  grams  per  week)  after  the  introduction 
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Chart  ?>. — Graphs  A  and  B  show  the  influence  of  graduated  amounts  of  yeast  on  growth  in 
the  depletion  and  curative  periods.  All  animals  received  2  drops  of  butter  fat  (daily)  during  the 
curative  period. 

of  butter  fat  than  those  animals  which  received  0.8  gram  of  Yeast  II(x)  and 
which  averaged  but  7.5  grams  per  week.  At  the  beginning  of  the  curative 
period,  however,  the  latter  were  somewhat  larger  than  the  former. 

Experiments  are  now  under  way  with  the  hope  of  ascertaining  the  role 
played  by  the  B  (Bi)  and  G  (B2)  fractions  of  the  vitamin  B  complex  in  vita- 
min A  response. 

Conclusions 

The  results  of  this  work  lead  us  to  conclude: — 

1.  That  yeasts  made  by  the  same  manufacturer  may  or  may  not  contain 
traces  of  vitamin  A. 

2.  That  vitamin  A  response,  using  the  curative  method,  will  vary,  de- 
pending upon  the  yeast  used  as  the  source  of  the  vitamin  B  complex. 
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3.  That  quantitative  results,  in  assaying  foods  for  vitamin  A,  will  vary, 
depending  uj^on  the  potency  of  the  vitamin  B  complex  in  the  yeast  em- 

Jiloyed. 

■5-  'Iliat  in  1!  (■  irtl(Ti'<t  ot  I'A-cunicy ,  lalvor.itory  workers  can  well  afford 
to  jr.ake  p(  riodiial  trst>  of  tlu'ir  new  su|)plii's  of  yeasts  in  order  to  prevent 
this  \-ar!:d;!('  from  affrrliivL^  (lirir  \-itanriii  A  teclmique. 

^■^.  lliat  \iianiin  A  ir.ay  consist  of  two  factors,  one  possessing  antioph- 
tludmic  properties  and  which  tends  to  preserve  normality  of  other  epithe- 
lial tissues,  and  the  other  factor  possessing  the  growth-stimulating  proper- 
ties usually  ascrlijL'd  to  viiamin  A. 

6.  That  our  inability,  in  former  years,  to  obtain  ophthalmic  symptoms 
in  more  than  20  per  cent  of  our  animals  has  been  explained,  due  to  the  dif- 
ference in  antiophthalmic  properties  of  yeast. 
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EtTect    of    Irradiation    on    Electrokinetic    Potential.    Agglutinabihty, 
Lysis  and  pH  of  Escherichia  Coli  Suspensions.^ 

MARTIN  W.  LISSE  and  RALPH  P.  TITTSLER.t 
(Introduced  by  R.  Adams  Dutcher.) 

From  the  Department  of  Agricultural  BUH'hemistru  and   the  Dvvi.svm  of  Bacter- 
iology, Department  of  Dairy  Husbandry,  Penmiylvania  State  College. 

l-roMi  a  study  of  the  effect  of  irmd'ati  -n  of  aqueous  suspensions 
"I  /:.v-/,vr/r///c/  r<>':  whh  the  rays  ir  y  :•  ''.\  -ir';,,^  a;--,  t'lt-  ;  11  ;\vini^ 
conclusions,  which  harmonize  with  our  hypothesis  concernincr  elec^ 
trokinetic  ])Otential  as  a  measure  of  activity,  stimulation,  injury, 
recovery  and  death'  have  l)een  drawn  : 

1.  Storai^^e  and  exposure  to  atmosphere  of  room  in  whicli  the 
irradiation  wa>  carricil  out  were  not  the  cause  of  the  change  in  elec- 
tnjphoretic  velocity  noted  after  irradiation,  nor  did  they  change  the 
abilitv  to  Ix^  ai?<^lutinated. 

2.  Insertion  of  Core.x  A  glass  filter  lessened  the  action  of  the 
ultraviolet  radiation  coiinMerahlv.  Thi..  suggests  that  the  shorter 
wave  lengths  are  more  I)actericidal  and  charge-reducing. 

3.  It  has  been  shown  |using  both  Xorthrop-Kunitz  (maximum 
and  actual  values)  and  Falk  capillary  cells]  that  irradiation,  if  of 
n:llicient  tluration.  prodnco  a  dccrea>e  in  negative  charge  wliich 
accompanies  death. 

d.  Data  obtained  uitii  the  Xortlir.^p-Kunitz  cell  (both  maximum 
and  actual  vel-  cit\  )  indicate  an  initial  stimulative  action  of  the 
ultraviolet  radiation,  which  make-  itseli  felt  in  an  increase  of  neg- 
ative charge.  This  increase  of  charge  wa^  not  often  observed  wdth 
the  l-alk  capillary  cell. 


*  i'uhlic-ition  .'luthorized  by  the  Dirts-tor  of  tlie  PonnHvlvani.-i  Airrieiihural 
J'Xperiinent  Station  as  technical  paper  No.  5lM. 

^  I  bo  authors  wish  to  acknowledge  the  invaluublo  .-ussist^ince  of  G.  W.  Sharp- 
'^•«^.  K.   P.  Dozoi.s.  !•:.  C.  Hoist,  R.  L.  Vi^r^isou.  and   Dr.   W.   P.   Davey. 

■  Titr.sler  and  Lisric.  ./.  Bact.,  1928.   15,   lOf). 
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5  ^h.^rt  time  in-a(Mali(>n,  whicli  nicTcly  stimulates  .^r  injures, 
,^^,,-.',  it^  <!f  a  i-aiini  luxxa:-.  v.  riuai  <•!  dcrlrukiiu'tic  ve-l*  cities.  la>n- 
I^^h'  in-aaiati  ii.  wir-b  ni"1-.  in",  iiua/s  a  lastin-  ctYcct.^ 
'■■'^  ih,.  ti;;,,.  alter  irra.liati  n  at  \vlueli  e< 'ni])arative  electropho- 
,-,tic  vdocitx  n-amiiL:^  arc  mane  musi  Ia:  careiully  controlled  if  the 
irradiation  is  (.!  brief  duration. 

7  Bacterial  nispensions  havin^^  practically  the  same  charge  can 
^      /„__.j  ,.,.0,-  n  loner  nf^riod  of  time  from  different  .c^enerations 

of  the  same  organism. 

8  Electrophoresis  studies  are  more  sensitive  than  the  usual 
agglutination  studies  lor  detecting  the  effect  of  irradiation  on  the 

charge  of  £.s\7/.  rc'/z".  ..       . 

q/  The  sequence  of  decreasing  electrc^phoretic  velocities  is  the 
';ame  as  that  of  increasing  agglutinahility  except  in  the  case  of 
short  (return  to  nrrmal  folbnvM  and  very  long  (lysis  sets  in)  time 

irradiation. 

10.  The  introduction  of  a  Corex  A  filter  practically  causes  this 

se()uence  of  a';:dntinabilitv  to  i;:-a]^]>ear 

11.  lrradiati(  n  produced  lysis  vshicli  was  greater  the  ]<.nger  the 

i'-ra  datii  1"!. 

12.  Irraddatioii  ].n  .'r,.e  :  an  incrca.-e  m  ]d  I  oi  tiie  unraved 
aciuc'ius  sn<])ensi'  11  wm  -e  ]>!  I  was  a])]'rMxiniately  6.1.  Since  such 
chan-e  was'al-^  <;'-er\;d  when  the  water  it-elf  wa^  irradiated,  it 
>U':'-ci('-l-  tbe  -i^e  of  r(.c(':llv  i)'»iled  water  in  future  work. 

13  Siniii '*'  wrk.  ^i-iiv:  50(1  watt  Mazda  hulhs  and  h\'ilk  cells. 
':]^wt  ;  t'\ein;ia:  redn'-iioti  "f  cbargc  (  wliirli  was  ])recedcd  l>y  a 
-timr'atiTv-  iiu-rca.^  ).  an  '  e\  idein-e  of  Ksi--  as  indicated  l)y  clearing 
m!  t'u'  -M;>;'en<i'  !i.  '!"o  a',\->  miMid;  nmdar  clTects.  much  linger  time- 
(  f  irra(:iati'  n  were  ];';.e<<-'rv  tlian  with  ultravi* 'Irt   lays. 

14  \-ra'-  1  r'  .!uri:'.  im^  --iiaivje-  in  c-lcctr(.])h.oretic  velocities, 
v.ov  d.i'i  tliev  ])r(iduce  I'actc  ri.ddal  act'K'U. 

i'nrther  evidence  m  favor  (  f  our  ]iy])( 'thesis  concerning  electro- 
kinetic  t)()tential  as  a  measi.ire  -f  activity,  stimulation,  injury,  re- 
(•,-\ery  imd  death,  ;-  ( Ltained  from  our  work  with  the  nitrogen 
fixing  organism,  h'Incobiuw  wclUoti.  In  general  those  cultures  (his- 
torv  known)  wdiicli  were  higii  rn-dule  i)roducers  or  high  nitrogen- 
fixers  had  a  higher  negative  ].otential  than  those  (U'  low  abilities 
(Zucker').  An  objection  to  the  hypothesis  is  to  be  found  in  the 
work  on  heat  killing  of  kicteria.* 

^'  OBtorhout,  Injury,  Eeoovery  and  Death.     Lippincott,  Phila.,  1922. 

'<  Zucker.  .7.  Bad.,  11)29,  17,   18. 

*  Winslow,  Falk,  and  Ciulfield,  J.  Grn.  Physiol.,  1923,  6,  177. 
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Since  this  work  was  l>e^gun,  a  numl>er  of  statements  suggesting 

th;'se  bindings  liave  appeareib  X<irton''  suggested  that  the  changes 
t'l.ii  bacteria.  -ulYer  wiieii  expo-ed  to  ultraviolet  rays  are  accom- 
panaMb  perbajKs  preced.ed,  l)y  changes  in  the  electrical  charges  of  the 


l)actena. 


Heaver  and    MnUer 


l"Vi 


■(^•!ii 


( 'Is   change    to 


ine  on  exposure  to  ultraviolet  rays,  but  by  i)rolonged  irradiation 
t'aev  are  peptized  to  stable  red  sols.  Falk  and  J^eed,'  w^orking  on  the 
alterations  in  red  blood  cell  electrophoretic  potential  produced  by 
uirect  irra(hat;on  ol  blood  in  z'iro  leported  a  slight  dccicaisc  ut 
])otential  difference.  Mayer'  says,  "So  far  no  attention  has  been 
paal  ti.  the  importance  of  the  nature  of  the  electrical  charge  on  a 
v;;l)Stance  that  is  irradiated  by  ultraviolet  light.  A  study  of  the 
etYect  of  light  on  Inxly  tissues  from  this  point  of  view  promises  in- 
teresting results." 

.\  detailed  account  oi  these  findings  will  appear  in  a  technical  bul- 
ktin  of  the  Pennsylvania  Agricultural  Experiment  Station.  For 
progress  reports  see  "'  '". 

•  Norton.  Newer  Knowledge  of  Racteriologr  and  Immunology,  Jordan  and 
Falk.     Univ.  of  Chicago  Press,  1928,  374. 

•  H.diver  ;ai(l   MulU  r.  J.  .-Ivi.  (lit  m.  Sec.  11'2S.  50.  H(M. 


F.ilk  and  Uvv>],  Am.  J.  Phusu,l.,   1926,  75,  61(5. 
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"  Mayer.  Oliniral    .\  [.plicat  !<in   of  Sunlight   and    .\rtiticial    Iliidiation. 
.•Ui(!   Wilkins,  liaitiniore.   1926,  35.'). 

■■■  l>:sse.    Hull.,    19:JS,  2;?().   6:    1929,  243.   6;    1930,   25«,   8.      Ptnn.   Agr.   Kxj>. 
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XATIOX    OF    SOLID    BA(  TERLVL    AIEOLV,   USIXG    A 

DILUTIOX  METHOD  BASED  OX  THE  BUFFER  EQUA- 
TIOX^'2 

MARTIN  W.  LISSE,  OTTO  G.  JENSEN  and  RALPH  P.  TITTSLER 
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INTRODUCTIOX 

In  our  unpublished  studies  concerning  the  effect  of  the  medium 
on  the  electrophoretic  velocity  of  the  organism  grown  thereon,  it 
became  necessary  to  measure  the  pH  of  solid  bacterial  media.  In 
the  light  of  the  errors  exhibited  by  indicators,  the  question  arose 
as  to  whether  the  colorimetric  method  (which  is  most  commonly 
used  in  the  bacteriological  laboratory  because  it  has  the  advan- 
tage of  simplicity)  is  sufficiently  accurate  for  this  purpose.  WTien- 
ever  highly  accurate  values  are  necessary-,  the  colorimetric 
values  should  be  verified  by  potentiometric  determinations. 
Previoush',  this  has  been  done  with  liquid  but  not  with  solid 
media. 

Since  we  were  dealing  with  a  solid  medium  the  question  arose 
as  to  how  to  make  j)H  determinations  on  such  a  medium  poten- 
tiometrically.  It  was  thought  that  if  the  medium  was  suffi- 
ciently buffered,  it  would  be  possible  to  do  this  by  diluting  the 
melted  agar  until  it  remained  a  liquid  at  room  temperature,  an 
idea  suggested  by  buffer  principles. 

'  Thi.s  is  a  resuiDr  of  a  thesis  siibinitted  by  ().  G.  Jensen  in  partial  fulfilnient  of 
the  retjuircments  for  the  decree  of  Master  of  Science  in  Af^ricultural  and  liiolog- 
ical  Chemistry  in  the  Graduate  School  of  The  Pennsylvania  State  College,   1929. 

^  Publication  authorized  by  the  Director  of  the  Pennsylvania  ARricultural 
Experiment  Station  as  Technical  Paper  Xo.  511 
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HISTORICAL 

For  the  f:u't  that  the  eolorinietrie  metliod  is   not  always  accu- 
rate, the  Header  is  referred  to  Scireiisoii  and  I^ditzseh  (l*)lo),  and 
Clark  and  Lubs  (1917).     .laurnain  (1025)  reports  an  error  of  0.8 
])II  when  usinjj;  hronithyniol  blue  to  determine  the  pli  of  a  1,  oO 
eoiUHMitration  of  blood  serum.     On  tlie  b:isis  of  this  he   reeom- 
meiids  that  the  indicator  method  be  avoided  for  determinations 
of  protein-containing  materials.     Schlegel  and    Stueber   (1927) 
call  attention  to  the  acid  error  in  the  use  of  bromthymo]  blue. 
The  salt  error  has  been  studied  thoroughly  by  Kolthoff  (1918, 
1925).     He  found  bromthymol  blue  among  the  indicators  exhibit- 
ing the  smallest  error.     Sharp  and  Alclnerney  (1926)  state  that 
it  is  not  advisable  to  use  indicators  at  the  limit  of  their  ranges 
unless  the  determination  is  checked  by  the  use  of  an  indicator 
whose  limits  are  well  within  the  observed  pH. 

Cullen  (1922)  introduced  a  colorimetric  method  for  determin- 
ing the  pH  of  blood  serum  and  plasma.  He  determined  a 
factor,  by  the  use  of  which,  one  can  convert  the  colorimetric  pH 
value  obtained  at  room  temperature  on  a  sample  which  has  been 
diluted  to  20  times  its  original  volume,  to  the  actual  value  at  38°C., 
as  determined  by  the  hydrogen  electrode.  Hastings  and  Sendroy 
(1924)  report  that  the  correction  used  by  Cullen  is  not  necessary 
when  the  readings  are  made  at  body  temperature.  They  find 
that  the  average  difference  under  these  conditions  is  only  0.003 
pH,  the  colorimetric  value  being  the  higher.  Johnston  (1928) 
and  Myers  and  Muntwyler  (1928)  discuss  this  point  at  greater 

length. 

The  hydrogen  electrode  can  be  used  where  turbidity  and  color 
interfere  with  indicators.  The  bacteriologist  does  not  use  poten- 
tiometric  methods  to  a  large  extent;  they  are  too  cumbersome, 
and  it  is  seldom  that  reactions  need  to  be  determined  more 
accurately  than  the  colorimetric  method  permits.  In  the  light 
of  the  above  statements,  however,  he  needs  to  be  aware  of  the 
fact  that  colorimetric  and  potentiometric  values  do  not  always 
agree,  and  therefore,  he  must  ascertain  whether  or  not  such  a 
difference  does  or  does  not  exist,  and  whether  or  not  he  is  justified 
in  using  the  simpler  colorimetric  method. 
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Up  to  the  present  time  there  is  but  one  record  of  an  attempt  to 
measure  directly  the  hydrogen  ion  concentration  of  a  solid  bac- 
terial medium  })y  means  of  a  hydrogen  electrode.  Kadsimowska 
0924)  claims  that  he  was  able  to  get  an  excellent  agreement  be- 
tween the  results  obtained  with  his  electrode  and  with  the  ordinary 
I'-form  (>lectrode  of  Alichaelis  in  the  usual  buffer  solutions  of 
Sorenson,  AlichaeHs,  and  others.  He  states  that  a  special  report 
will  contain  the  results  of  using  this  electrode  to  determine  the 
pH  Oa  a  smgiG  bacterial  colony. 

Biilmann  and  Lund  (1923),  and  Biilmann  (1927)  have  shown 
that  the  hydrogen  electrode  can  be  replaced  by  the  quinhydrone 
electrode. 

Biilmann  and  Krarup  (1924)  have  determined  potential  differ- 
ences at  various  temperatures  with  the  quinhydrone  electrode, 
and  have  given  us  an  equation  for  calculating  the  potential  of  the' 
electrode  in  respect  to  a  hydrogen  electrode  at  "t"  degrees  tem- 
perature.    Recently,  Biilmann  and  his  co-workers  (1928)  tested 
the  accuracy  of  the  quinhydrone  electrode  in  phosphate  solutions, 
and  found  that  the  quinhydrone  electrode  gave  correct  pH  values 
up  to  7.73.     Baver  (1920)  found  that  with  most  soils  constant 
readings  were  easily  and  quickly  obtained,  but  that  in  case  of 
alkaline  soils  the  readings  must  be  taken  immediately  after  adding 
the  quinhydrone.     Lester  (1924),  working  with  dairy  products 
found  good  agreement  in  values  obtained  by  the  hydrogen  and 
quinhydrone  electrodes.     Watson  (1927j  has  measured  the  pH  of 
Swiss  cheese  by  means  of  the  quinhydrone  electrode,  but  found  a 
rapid  drift  especially  in  "green"  cheese. 

The  change  in  potential  of  the  quinhydrone  electrode  has  been 
studied  by  several  investigators  and  it  has  been  generally  con- 
ceded that  the  drift  is  due  to  a  slow  change  in  the  ratio  between 
the  concentration  of  the  quinone  and  the  hydroquinone.  Several 
factors  may  operate  to  bring  this  about.  If  the  material  contains 
oxidizing  or  reducing  substances,  the  hydroquinone  may  be  oxi- 
dized to  quinone  or  the  quinone  reduced  to  hydroquinone.  Baver 
(1928)  thinks  that  one  of  the  substances  may  be  selectively 
adsorbed  when  soil  suspensions  are  used.  Hissink  and  van  der 
Spek  (1927)  are  of  the  opinion  that  the  drift  is  due  to  the  fact  that 
eciuilibrium  has  not  been  established. 
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(\)nsiderablc  variation  in  opinion  exists  as  to  the  best  time  to 
make  i\w  readino;s.  llettersehij  and  Hudip;  (1927)  eanie  to  the 
conclusion  that  readiness  taken  innnediately  after  adding  the 
(}uiiihv(h-()ne  are  the  best.  On  the  other  hand  Hissnik  states 
that  thirtv  minutes  should  be  allowed  to  ela])se  before  readni^s 
are  made.  ( 'orran  and  Lewis  (  IDLMj  and  ( 'ulleii  and  J':arle  (192S) 
find  that  good  agreement  is  obtained  l)etween  the  quinhydrone 
and  hydrogen  electrodes  when  readings  are  extrapolated  to  zero 

time.  . 

The  following  are  the  buffer  equations  that  apply  to  solutions  ot 
weak  monobasic  acids  in  the  presence  of  their  salts  and  to  weak 
monoacidic  bases  in  the  presence  of  their  salts  respectively: 

[acidl    .^„  ,        ^     [base] 

[H+]  =  Ka  r-T7r»  10H-]  =  Kb 


[salt] 


[saltl 


The  equations  state  that,  as  long  as  the  assumptions  upon  which 
their  development  is  based  are  vaHd  (see  Michaelis,  1926,  p.  44), 
the  pH  of  such  solutions  will  not  change  on  dilution  for  it  depends 

solely  on  the  ratios  ^f^]  and  t^|,  provided  temperature  is 

•^  [saltj  [saltj 

kept  constant.  .  .u  ^ 

Several  investigators  have  taken  advantage  of  the  fact  that 
buffered  solutions  can  be  diluted  without  great  alteration  of  the 
hydrogen  ion  concentration.  Brown  (1924)  assumed  that  the 
pH  of  culture  fluids  does  not  change  upon  dilution.  To  deter- 
mine the  hydrogen  ion  concentration  of  small  amounts  of  material, 
he  added  one  drop  to  a  small  quantity  of  water  and  made  a 
colorimetric  comparison.  Hastings  and  Sendroy  (1924)  and 
Hastings,  Sendrov,  and  Robson  (1925)  showed  that  blood  and 
urine  can  be  diluted  to  great  advantage.  (Allien  (1922)  diluted 
blood  plasma  to  20  times  its  original  volume  with  physiological 
salt  solution.  The  turbidity  of  milk  is  a  great  hindrance  to 
colorimetric  determinations  and  for  this  reason  Sharp  and  Mclner- 
ney  (1926)  have  studied  the  possibility  of  diluting  the  milk  and 
thus  removing  the  difficulty.  In  order  to  determine  the  dilution 
factor  thev  plotted  the  pH  of  the  original  milk  and  of  the  milk 
diluted  to\'arious  volumes  against  the  logarithm  of  the  volume 
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to  which  the  milk  was  diluted.  The  curves  obtained  were  in- 
variably straight  up  to  a  volume  dilution  of  20  times.  At  this 
dilution  th(^  correct  ion  faetoi-  is  -().;V1  in  ord(a-  to  brin^  the  ])I[ 
to  the  original  value.  1liis  factor  ap})lies  only  to  milk  whose 
original  pH  is  Ix^tween  (i.O  and  7.4.  Wlien  the  milk  is  as  acid  as 
{)ir  .").()  the  factor  diminishes  to  0.22.  Ivolthoff  (I92S)  states 
that  the  effect  of  dilution  on  the  pll  of  buffer  mixtures  can  be 
calculated. 

THE    PROBLEM 

In  order  to  determine  whether  or  not  colorimetric  methods  are 
suitable  for  the  determination  of  the  pH  of  solid  bacterial  media, 
it  becomes  necessary  to  determine  pH  potentiometrically.  In- 
stances have  been  cited  to  show  that  colorimetric  methods  may 
be  in  error  and  that  it  has  been  found  advantageous  to  dilute 
blood,  milk,  and  urine,  and  to  apply  a  correction  factor  for  the 
accompanying  change  in  pH.  In  view  of  the  nature  of  the  con- 
stituents of  nutrient  agar,  it  seemed  probable  that  its  buffer 
capacity  would  be  large  enough  to  permit  dilution  to  the  point 
where  it  would  remain  liquid  and  the  use  of  potentiometric 
methods  would  become  feasible. 

The  hydrogen  electrode  is  easily  poisoned  by  protein-containing 
material,  thus  requiring  frequent  replatinizations.  On  the  other 
hand,  the  (quinhydrone  electrode  requires  no  platinizing  and  is  sim- 
ple to  manipulate.  For  this  reason,  it  was  decided  to  determine 
the  applicability  of  the  quinhydrone  electrode  to  these  studies. 

The  problem  consists  of  two  parts:  (1)  A  justification  for  the 
dilution;  (2)  a  comparison  of  colorimetric  and  potentiometric 
methods,  including  both  the  hydrogen  and  quinhydrone  electrode. 

EXPERIMENTAL    METHODS    AND    APPARATUS 

The  determinations  were  carried  out  on  a  medium  made  by 
dissolving  31  grams  of  dehydrated  Bacto  Nutrient  Agar  (I^acto- 
beef  extract,  3  grams;  Bacto-peptone,  5  grams;  Bacto-agar,  15 
grams,  and  sodium  chloride  8  grams)  and  1000  cc.  of  distilled 
water  and  autoclaving  for  twenty  minutes  at  15  pounds  of  pres- 
sure. Before  the  medium  solidified,  portions  were  diluted  to  3, 
5,  7,  10,  and  15  times  their  original  volumes,  the  distilled  water 
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used  having  a  pH  of  G.O  ±0.2.  Colorimetric  determinations 
wore  made  upon  the  undiluted  medium  and  upon  each  of  the 
(lihitcd  portions.  Potentionietric  determinations  were  made 
upon  the  poi'tions  that  remained  hcjuid.  These  were  the  ])ortions 
diluted  T),  7,  10,  and  h")  times.  In  order  to  ])rechide  any  possi- 
bility of  an  error  due  to  ehan^es  in  ]dl  with  tim(\  tlie  d(^t(M'mina- 
tions  were  made  in  aUernatin^  order. 

Bromthymol  blue,  purchased  from  the  LaMotte  Chemical 
Products  Company,  was  used  for  all  of  the  colorimetric  determina- 
tions. The  set  of  comparison  tubes  was  purchased  especially 
for  this  study  and  kept  in  a  refrigerator  when  not  in  use.  The 
comparisons  were  made  by  the  light  from  a  Palo  Daylight  Lamp, 
thus  avoiding  the  danger  of  dichromatism. 

The  apparatus  for  the  potentionietric  determinations  centered 
about  a  Leeds  and  Northrup  Type  K  Potentimeter,  the  null 
point  instrument  being  an  enclosed  lamp  galvanometer  with  a 
sensitivity  of  0.025  microampere  per  millimeter  scale  reading. 
The  known  e.m.f.  was  furnished  by  an  Eppley  Cadmium  Cell  of 
the  unsaturated  Weston  type.  Its  potential  was  L01878  volts  at 
20°C.  No  correction  was  made  for  temperature  changes  as  the 
temperature  coefficient  is  negligible  between  15°  and  35°C. 

The  hydrogen  electrodes  were  of  the  Bailey  type  (1920).  Two 
of  the  quinhydrone  electrodes(nos.2  and  3)  consisted  of  platinum 
foils,  ap]n-oximately  4x8  mm.  in  size,  while  the  other  (no.  1) 
was  made  of  4  cm.  of  (24  gauge)  platinum  wire.  A  saturated 
calomel  cell  was  the  reference  electrode.  The  hydrogen  which 
was  supplied  from  a  cylinder  was  purified  by  passing  it  succes- 
sively through  solutions  of  alkaline  pyrogallol,  alkaline  potassium 
permanganate,  and  saturated  merctu'ic  chloride.  The  quin- 
hydrone was  purchased  from  the  Research  Laboratory  of  the 
Eastman  Kodak  Company. 

Each  day,  before  any  determinations  were  made,  the  standard 
cell  was  checked  against  a  new  cell  of  the  same  type  which  was 
kept  as  a  standard.  Following  this  the  electrodes  were  filleii 
with  a  standardized  buffer  solution  and  measurements  taken  to 
insure  that  the  reference  cell  and  each  of  the  electrodes  was  in 
good  condition.     Any  hydrogen  electrode  that  was  unduly  slug- 
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gish  or  that  gave  readings  more  than  0.02  pH  in  error  was 
discarded.  The  (piinhydrone  electrodes  were  cleaned  in  chromic 
acid  cleaning  solution  and  flamed  with  an  alcohol  lamp. 

PKESKXTATION    OF    DATA 

It  has  been  stated  that  many  investigators  lia\'e  r)l)s(M-ved  a 
drift  in  the  potential  of  the  (juinhydrone  electrode.  We  have 
found  a  similar  change  with  nutrient  agar.  In  order  to  determine 
the  exact  nature  of  the  drift,  we  have  thought  it  advisable  to 
observe  it  over  an  extended  period  of  time.     Table  1  gives  the 

TABLE  1 

Showing  drift  in  the  potential  of  the  quinh/jdrone  ehctrode 


TIME* 

E.M.K. 

TIME* 

E.M.F. 

1 

0.0261 

20 

0.0615 

2 

0.0297 

23 

0.0641 

3 

0.0328 

25 

0.0656 

4 

0  0359 

30 

0.0692 

5 

0.0384 

35 

0.0721 

8 

0.0449            1 

40 

0  0751 

10 

0.0488 

45 

0  0775 

11 

0  0504 

50 

0.0800 

14 

0.0547 

55 

0  0821 

15 

0  0560 

60 

0.0842 

17 

0  0583 

*  Time  in  minutes. 

results  on  a  sample  diluted  to  10  times  its  original  volume.  Time 
is  counted  from  the  time  of  addition  of  the  quinhydrone. 

The  data  of  table  1  are  shown  graphically  in  figure  1.  It  is 
evident  that  the  curve  over  the  interval  from  zero  to  five  minutes 
does  not  deviate  greatly  from  a  straight  line.  For  this  reason  the 
extrapolated  values,  tallies  2  and  3,  are  made  on  the  assumption 
that  for  the  first  five  minutes  the  drift  is  practically  a  linear  func- 
tion of  the  time. 

The  pll  values  using  the  Bailey  electrode  were  calculated  as 
usual  whereas  those  for  the  cjuinhydrone  determinations  were 
made  by  the  method  suggested  by  Biihnann  and  Krarup  (1924), 
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except  in  one  set  of  diita  whieh  were  calcuhited  according  to 
Cullen  il  al.  (,192:),  1928j. 
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Fig.  1.  The  Drift  in  Potential  of  the  Quinhydrone  Electrode 
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TABLE  2 
A  typical  set  of  data  obtained  at  the  various  dilutions  by  the  three  methods  unde 
sideralion,  at  25°C. 


r  con- 


DILU- 
TION 


O 


griNii  VDKONK  Ki.Ki  tuoue 


None  i  7,  2 


Ci   3 


K.M.F   at  1  niimite  iru(>rv;ils  nft.T  addiritz: 
(luinhjdroiit' 


HVDROi.KN    K.I.EC- 
TUODK       l:tAILEY 


1 


1:3 

1:5 
1:5 
1:5 


1:7 
1:7 
1:7 


1:10 
1:10 
1:10 


1:15 
1:15 
1:15 


7.2 


7.2 


7.2 


7  1 


6.9 


1 
2 
3 


1 
2 
3 


1 

2 

3 


0.0302 
0.0293 
0.0299 


0  0355 
0,0346 
0.0355 


0.0324 
0  0316 
0.0325 


■S* 


O  3 


0  0375 
0  0366 


0.0351 
0.0333 
0.0355 


0.0372  0.0391 
0.0365  0.0396 
0.0384  0.0405 


0.0387  0.0407 


0,0387 
0.0375  0  0397 


0.0403 
0.0418 


0.0422 
0.0426 
0,0427 


0.0411 
0.0407 
0.0430 


0  0440 
0.0444 
0,0454 


0  0377|0  0393|0 ,  0410  0 .  0424  0  0442  0 ,  0458 
0  0378;0 .  0394;0  041 1  0  0427  0 .  0443  0  0456 


0  0385:0  0402 


0  0417 


0.0434,0. 0445:0. 0470 


0  0503:0  0515  0  0533,0  0544  0 ,  0550 
2    jo  0504  0  0516  0  0528|ot)54llo, 0553 


3    :0  0515  0  0525 


0  0561 
0  0562 
0  054610, 055610.0565 


7.15 

7.16 
7.15 

7.15^ 


7.06 
7.07 
7.06 

7.06 


7.02 
7.02 
7.01 

7.02 


6.81 

6,81 
6^79 

6  80 


1 
2 
3 


1 
2 
3 


1 
2 
3 


1 
2 


0.6728 
0.6731 
0  6736 


0  6717 
0 . 6730 
0.6731 


0.6714 
0.6716 
0.6720 


0.6614 
0.6628 
0,6616 


7.21 
7.22 
7.23 

7.22" 


7.20 

7.22 
7.22 

7.21 


7.19 

7.19 
7.20 

7.19 


7,02 

7.05 
7.03 

7  03 


*  Average. 

TABLE  3 

Presenting  average  mines  from  five  sets  of  determinations  made  as  per  table  2 

The  average  values  are  average  hydrogen  ion  concentrations  e.xpressed  in  terms 
of  pH. 


METHOD 


Diliit 


lOIl 


(  OLOKI.METIilC 


gtlNHVDKONE 
ELEtTHODE 


HVDKOt. 
TKODE 


EN-   ELE(  - 
-BAILEV 


y.    i 


13 


Set  1 
Set  2 
Set  3. 
Set  4 
Set  5 


7  2 

7  2 
7  2 
7.2 
7  2 


7  2 
7  2 
7  2 

7.2 
7.2 


Average 7  2 


7  2 


1:5 

7  2 
7.2 

7,2 
7  2 
7  2 


1:7 

7.2 
7,2 
7.2 
7.2 
7  2 


1:10 


7.1 
7.1 
7.0 

7.2 
7,2 


7,2    7.2i  7.1 


1:15 

6,9 
6.8 

6  9 

7  2 

7.2 


1:5   I    1:7      1:10     1:15 


7.15|7  06 


7,0 


7,10 
7.01 
7.13 
7  23 


7.16 
7.03 
7.13 
7,20 


7.02 
7,04 
6  93 
7.16 

7,18 


1:5 


6,80 
6.73 
6.84 
7.13 


7.22 
7.17 
7.16 
7.33 


1: 


7  147  28 


7  12  7  11  7  06  6  90|7.23 


7.21 
7  23 
7.17 
7.36 
7.31 


l:10i  1:15 


7.25 


7.19 
7.17 
7.15 
7.36 
7.31 


7.2.1 


7  03 
6  95 
7.04 
7.33 
7.31 

7.11 
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DISCUSSION    OF    RESULTS 

It  is  (}uite  evident  that  the  origiiuil  inecHum  can  be  dikited  to  at 
least  seven  times  its  initial  volume  without  a  ehange  in  pll. 
From  a  knowledge  of  the  })u}Ter  e(iuation  one  would  ex])ect  that 
dilution  could  not  be  continued  indefinitc^ly  without  a  change  in 
pH.  Dilution  of  the  agar  to  10  and  lo  times  its  initial  volume 
caused  a  change  in  pH,  as  shown  by  all  the  methods  used. 

The  drift  in  potential  of  the  quinhydrone  electrode  was  remark- 
ably regular,  successive  readings  giving  values  farther  removed 
from  the  true  hydrogen  ion  concentration.  It  is  thought  that  the 
drift  was  due  to  a  slow  oxidation  of  the  hydroquinone.  However, 
even  after  excluding  the  effect  of  the  drift  by  extrapolation  to 
zero  time,  our  values  show  that  the  quinhydrone  electrode  gives 
values  which  average  0.16  pH  lov/er  than  those  found  with  the 
hydrogen  (Bailey)  electrode.  This  intimates  that  there  is  an- 
other source  of  error  not  directly  associated  with  the  oxidation 
of  the  hydroquinone. 

It  was  originally  planned  to  use  the  bubbling  electrode  along 
with  the  Bailey  type  (1920)  as  a  further  means  of  comparison,  but 
as  consistent  results  could  not  be  obtained,  no  data  have  been 
reported  for  it. 

Clark  and  Lubs  (1917)  found  t\vM,  for  a  liquid  medium  of  about 
the  same  protein  and  salt  content  as  the  medium  with  which  we 
worked,  the  colorunetric  values  were  on  the  average  0.1  pH  lower 
than  the  hydrogen  electrode  values.  Our  hydrogen  electrode 
and  colorimetric  values  agree  well,  showing  that  bromthymol 
blue  does  not  exhibit  either  salt  or  protein  errors  in  nutrient 
agar,  and  that  the  colorimetric  method  as  ordinarily  used  gives 
accurate  results. 

SUMMARY    AND    COXfLUSIOXS 

A  method,  based  on  the  buffer  equation,  has  been  devised  for 
the  determination  of  the  pH  of  solid  bacterial  media,  as  it  has  been 
shown  that  the  buffering  power  of  nutrient  agar  is  sufficient  to 
permit  a  seven-fold  dilution  without  a  change  in  pH.  At  this 
dilution,  the  medium  remahis  liquid,  and  the  use  of  potentio- 
metric  methods  is  feasible. 
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Due  to  the  cumbersomeness  of  the  hvdrogen  electrode  the 
applicabihty  of  the  quinhydrone  electrode^  to  pll  detemiiin'tiops 
O'/'UtruMit  no-ar  has  lu.Mi  detennined.  An  effort  has  been  made  to 
^^^^^^^^^^•^^ti^  tlu.  effect  nf  the  drift  of  the  (juinhvdrone  electrode^  },v 
extrapohition  of  the  vahies  ()bserv(>d  at  successive  intervaN  (if 
1  iine. 

Tlie  a\-erage  results  of  «0  parallel  detenninations  indicate  that 
the  quinhydrone  electrode  gives  values  0.16  pH  lower  than  the 

^±j  kAi  o^Lii  cicCii  uue. 

It  has  been  shown  that  bromthymol  blue  is  an  accurate  indi- 
cator in  nutrient  agar,  and  that  the  colorimetric  method  agrees 
with  the  potentiometric  method  using  the  Bailey  electrode. 
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RANCIDITY  1 

Howard  O.  Triilbold 

Department  of  .\gririiltural  and  Hiolo^ical  Cheniistrv,  IVnnsvlvaFiia  State 

(  olIcKC  Stale  Collc-r.   I 'cnnsv  l\  an  ia 

DeUM-ioi-ation  of  fat-  ihioimii  rancidifv  (k'V('!(.[)iiu'iit  iia-  lu-cn  a 
l<Mi,m(Ho,uiii/t'(l  fact,  hilt  imtil  wcvnllv  \hvvv  ha^  lu-cii  iiUM-cr  infor- 
mation axailaMc  ix'u.tidiii;^  tlir  i„-,h(--.c.  iiixolxcl.  i~li).  h,,^  in-en 
<iiu'  m  part,  .it  least,  to  the  conflictin.u  \■ie\v^  held  I-eiiaI-(lin,^  the  nature 
and  cause  of  rancidity. 

A  survey  of  the  literature  will  reveal  three  general  tyne^  r,f  fat 
deterioration,  each  considered  as  rancidity,  although  the  processes  of 
decomposition  and  end  products  obtained  are  very  different  These 
three  types  of  deterioration  may  he  termed  o.xidative,  hydrolytic,  and 
ketonic  rancidit>'.  The  development  of  oxidative  rancidity  is  con- 
sidered to  he  due  to  the  addition  of  molecular  oxygen  to  unsaturated 
glycerides  with  the  formation  of  peroxide  or  oxide  like  compounds, 
which  sul)se(|uently  decompose  into  aldehydes,  ketones,  and  fatty 
a(  ids.  This  type  of  reaction  may  occur  in  all  edihle  fats,  since  they 
all  contain  unsaturated  glycerides,  and  is,  for  this  reason,  a  very 
mip(jrtant  t\pe  of  fat  spoilage.  In  the  development  of  hydrolytic 
riincidity  there  is  an  hydrolysis  of  the  glycerides  with  the  liheration 
ct  free  fatty  acids  as  end  products.  This  type  of  rancidity  is  of 
-peci.il  importance  in  the  spoilage  of  dairy  i)roducts.  due  to  the 
lil)eration  of  hutyric  .icid  with  its  characteristic  odor  and  taste.  The 
liheration  of  small  amounts  of  the  other  fatty  acids  does  not  ap{)reciahly 
altect  the  odor  and  taste  of  a  fat.  1-ats  (-ontaining  nitrogenous 
impurities,  such  as  c-oi-onut  oil.  ma\-  undergo  ketonic  rancidit\-.  This 
1-  eflected  through  the  ncium  of  certain  molds  on  lower  memhers  of 
ilie  saturated  fatty  acid  series  with  the  production  of  metlnl  ketones 
.1^  end  prodiKts. 

Kanci(lit\-  development  in  edihle  shortening  agents  and  in  haked 

nods    is    due   ordinariK-    to    oxidati\e   deterioration.      It    is    for    thi^, 

'^Msnii  tlKit  this  i)aper  has  heen  confined  ^olel\-  to  oxidative  rancidity. 

Theories  Regarding  the  Development  of  Oxidative  Rancidity 

All  the  theories  on  the  mechanism  of  oxidative  r.mciditv-  h.ive  had 

'licir  origin  in   the  ohser\ation  of  haigler  .ind  Weissherg   (l'n)4).  that 

:i(.kH-ular    owgen     can     att.ick     "douhh'     hond "     or     "  uns.it ur.ited " 

■!ik.iL'.es,   in  .i  m.iiiner  simil.ir  to  tli.it   of  o/oiie.      The  resulting  com- 

i'^'und  ot   tliis  .iiitoxid.ition   proce»  cont.iin>  a   i)ei-o\i(le  group  and  is 


■    I'ubluMtinli    .lilt  Ik  itl/( 

liiiit  a!  p.i|fi  .^."'. 
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referred  to  as  a  moloxide.  Staudlnger  (1925)  defines  "moloxides"  as 
peroxide  compounds  \vhi("h  ha\e  as  \'et  not  been  isolated  and  conse- 
(juentK-  cue  of  iniknown  comi)ositi()n  and  structure. 
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riii>  moloxide  readih'  breaks  up  into  aldelude  and  other  decomposition 
products.  luii^ler  and  Weissberii:  indicated  that  the  unsaturated 
fatt\-  acids  were  subject  to  this  type  of  autoxidation. 

This  concei)tion  of  autoxidation  was  then  applied  to  tats.  \'inte- 
lesco  and  Poi)esc()  il*M5)  used  a  ])er()xide  test  to  detect  rcUicidity  in 
fat^.  Kerr  and  Sorber  1 192.^)  also  used  i)er()xide  tests  for  the  detection 
of  rancidity.  I1ie\-  su.ui^a^sted  that  these  peroxide  (^omi)ounds,  beint; 
relati\el\-  unstable,  would  act  as  extremely  !j;ood  ox\-,i;en  carriers  to 
faxor  the  oxidation  of  unchan.^ed  i^Kcerides  with  which  they  were  in 
contact. 

I'owick  (1<>2.-))  u>ed  the  theor\  of  laiiLiler  and  W'eissber.^  to  account 
for  the  {)roducts  {)re>ent  in  r.mcid  oleic  acid.  He  tound  the  rancid 
(lor  .ind  taste  due  to  heptxlic  and  non\lic  aldeh\cles  while  the  Krei> 
test  foi'  rancidit\-  dei)en(le(l  upon  the  j)re>ence  of  ei)ih\(lrin  aldelude. 
Towick  advanced  the  followini.i  h\  })othelical  mechanism  to  account 
for  thoe  >ubstance>.  (  )leic  acid  adds  molecular  o\\  i;en  to  h)rm  oleii 
a(M(l  i)ei()\i(le,  which  sub>e(iuentl\-  lo>es  water  to  iorm  an  oxide. 
'l"hi^  oxide,  after  the  .addition  of  two  molecaile>  o!  o\\i;en.  splits  u|) 
into  hept\lic  aldelude  and  othei-  comi)oimds.  one  ol  which  cm  h)rm 
cpilixdrin  aldelude  thioULih  the  1(»»  ot  carbon  monoxide. 

The  theor\-  i)o>tul<iled  b\-  'iVcherich  l')2.^)  (lirfer>  -omewh.it  hom 
thai  of  ro\\ick'>  in  that  ihe  peroxide  tormed  i--  decomixoed  b\-  w.iter 
ui\  inu  oxide.  h\droi:en  pei'oxide.  .md  o/onr.  The  o/oiu-  i-^  1  he  rea(ai\  e 
(cn-liiuent  and  re.ict-  with  othei'  iin-at  ui  .ited  aci(l>  prcMMit  lormin^ 
o/o:ii(le-.  which  in  the  pre>ence  of  w.iter  .ire  e.i>il\  >pHt  into  .ildelude- 
.ii;(l  ,i(-i(b.  The  h\dio.^en  j)eroxi(le  m.i>  <ict  .i>  .i  ble.ichini;  ai;eiU  in 
the  l.il . 

A  -lill  -(.mew  h.il  different  theoiw-  w.i>  po>t  ul.it  ed  b\-  Ihow  ne  1')2.->  i. 
llis  ide.i  w,i>  th.it  .1  mole(ule  of  ox\,i;eii  .itt.icks  the  double  bond, 
foiir.inu  .i  f.ittx  oxide  .md  liber.itin-  .m  .itom  ot  .iclivc  oxNuen  tor 
e\er\      atom     of     oxxi-en     absorbed.       Vhv     acti\t'     ox\L;en     liber. iled, 
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Immediately  acts  upon  the  i,H\(erides  with  which  it  is  in  eontac-l  and 
causes  them  to  break  up  into  free  fatt\-  acids,  aldeh\de>,  Ccuhon 
(Hoxide,  water  and  otlier  dec-omyiosition  j)!()(lucts.  Some  of  the 
actix'e  o.\\i2:en  could  also  unite  with  the  wdtei-  present  to  form  ludro^cn 
I)ero\ide.  The  fatt\-  oxide,  after  rearraniiinii  to  a  ketone  foiin  miuht 
then  decomjKjse  in  the  i)resence  of  wdter  to  a  lowei'  fatt\-  acid.  These 
reactions  would  proceed  as  indicated: 
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I^rowne  also  indicated  in  the  exent  that  a  peroxide  com})ound  was 
[(MiiR-d,  ct^  posLuiaied  i)y  Kngler  and  W  eissher^^r  (1904)  or  Tscherich 
il<^25),  the  reaction  mi^dit  go  differently  than  these  investigators 
stated.  Such  a  peroxide  might  form  a  didiydroxide  with  the  liberation 
of  acti\  e  oxygen  as  indicated. 
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I'atiy  peroxide  iai  t  y  dihydroxide     Acti\e  oxygen 

The  \-arious  theorie>  regarding  the  develoi)ment  of  o\idati\-e 
i-ancichty  all  agree  that  molecular  oxvgen  attacks  the  unsaturated 
|^lyceride^  with  the  formation  of  a  peroxide  or  oxide  group  at  th<it  point. 

1  lu-c  loo>el\-  combined  oxygen  compounds  either  (iecom{)ose  spon- 
:.inc.»u-l\    into,  or  react  with  water  to  form  aldehydes,  ketones,  fattv 

icui^.  .i(  ti\e  ox\gen,  o/one.  and  Indrogen  peroxide.  The  liberatioii 
"!  a(  ii\c  ox\gen  .md  o/one  may  cau^e  the  decomposition  of  gKcerides, 
>'.  liuii  would  not  ordin.i'iK  be  <ittacked  b\-  molecular  oxygi'n.  \(i 
!i<'e  gl\(crol  c<in   be  detected  in  ran(-i(l  f.ii-,  neither  doe>  the  aciditv 

■t  I  he  tat  need  to  in(-re<i-e  with  rancidnx.  con>c(|uenll\-  we  a>sume 
iii.!!    (oxidation    of    the   ghferides    ma\     take    place    independentK'    of 

'\(iroK>is,  a  fact  whi(-h  i>  -ubstantialed  b\  the  work  of  .\ic(jlet'and 
i  ifidle     19|()). 
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Tests  for  Oxidative  Rancidity 

The  first  tests  for  rancidity  were  physical  ones,  depending  upon 
the  senses  of  taste  and  smell,  and  these  are  still  the  onl\'  tests  upon 
which  there  is  unixersal  ai^reement  \)y  all  inxesti^ators.  Such  tests, 
howcxer.  are  aj)l  to  he  influenced  1)\-  j)ers()nal  ()j)ini()n,  and  are  hard 
1()  cxprc---  ill  (lf',;rcc  nt  lancidilx.  -\>  .!  if^iiii,  r(  ih^mU'im!  tic  ^«'-^('ar(•h 
ii.i-.  iu'cii  (uiuliK  !cd  U>  (IcUM  niiiic  ph\--u-.ii  .iikI  riiriiiic.ii  in.cii!-  lof 
\\\('    dclfi  (1(111    ol    i.mcidilx     and    lor    ihc    iiiiin(.'rK\tl    ex  aliial  u>ii    ut    lis 


X\  lilt' 


l!llCll--lI  X  . 

Tiic  i(^-ts  niD^t  cnTnnif)nl\-  iix'd  haxf  lu'i-ii  (()l(»r  iC'-t^.  of 
llie  ino^l  inijxtrtanl  haxc  been  the  peroxide,  aldehxde,  and  Kreis  te>ts. 
Peroxide  tests  were  used  by  X'intelesco  and  Popesco  ( 1<M5),  Kerr  and 
Sorbcr  (102S).  and  I'owick  il^)2S)  for  the  detection  ot  lancirlity. 
'Jdiese  tests  should  be  j)articularl\-  a{)plical)le  since  peroxide  compounds 
are  the  first  products  i)ostulated  in  rancidit\'  dexelopment.  While  the 
])ero\ide  tests  alwaxs  react  with  a  rancid  tat.  the  intense  color  formed 
makes  the  exaluation  of  the  dei2,ree  of  ranciditx'  rather  difticult. 

Rancid  fat>  also  resi)ond  to  the  \  aricnis  aldelnde  tests  recommended 
1)\'  Sc^hmid  (1S<)<))  such  as:  (1)  ammoniacal  silxer  solution:  (2)  ni- 
phenxlene-diamine;  and  '-■>)  0.5^^'  fuchsin  sul|)hurous  acid.  (  )f  the.se, 
only  the  fuchsin  sulphurous  acid  test  has  been  further  recommended 
by  \'on  bellenberii  (l*)2h,  x\  ho  (-laimed  that  this  test  i;ax  e  better 
results  than  the  l\rei>  test.  An  e\tensi\e  and  complete  compari>(jn 
of  the  Kreis  and  XOn  I'ellenberiL:;  tests  wds  made  b\'  Piit/ker  and 
Junu,kunz  '1*)2C))  x\  ho  concluded  that  the  \c>n  bellenber^u:  test  had  no 
ad\cmtai;e  oxer  the  Kreis  test,  just  recentK'  .Schibsted  il^>Slj  lias 
I'efined  the  test  so  that  it  is  more  sensitixe  and  also  permits  an  e\'alu- 
ation  ot  t he  dei!,ree  ot  ranciditx".  He  exj)re>se>  the  content  ot  aldelncJes 
in  a  fat  oi'  oil  in  arbitrarx"  color  units  cjbtained  per  unit  ot  tat  cUid 
>u^\u;ests  that  this  sj)ecilic  color  xalue  be  called  ihe  "bat  Aldehxde 
\alue."  Schibsted  found  the  improxed  re.itient  to  be  oxer  20  times 
.i>  sennit ixc  a>  aiix'  ot  the  other  reai^ents. 

riie  mo^t  xxidelx'  used  test  tor  the  detection  ot  oxidatixc  ranciditx' 
i^  the  Kreis  test  orii;in<ited  bx'  Kreis  l'>*()2).  The  le>t  consists  in 
t  horouiihix-  mixing  1  cc.  ot  a  t.it  or  oil  x\ilh  1  cc.  ol  conccnl  rate(|  11(1. 
and  then  .iddini^  1  cc.  ot  a  I'f  -olution  ot  j)hloroulucinol  in  ether. 
It  after  thorouiL;,h  mixinsj,,  the  scj)arated  acid  laxcr  ha>  aiMjuired  a  yv(\ 
(>v  ])ink  coloration,  the  oil  is  rancad,  and  the  int(ai:-it\'  of  the  color  is 
a  roui^h  indic.ition  of  the  deL;ree  ot  ranciditx'. 

Kcar  d'MS)  modified  the  test  somewhat  so  th<it  it  scaxcd  .is  a 
nuaiis  of  delermininu,  the  dei^ree  of  r.mcidilx.  lie  shook  uj)  H)  c;c. 
of  oil   OI    fat   with    10  cc.   of  ccjncentrated   IK  1  .md    10  c  c.  of  a  0.1',  ^ 
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solution  of  phloroRlucinol  in  ether.  If  a  red  color  developed  in  the 
acid  layer,  he  diluted  the  original  oil  or  fat  with  kerosene  until  a 
dilution  was  reached  where  no  color  reaction  was  obtained.  The 
amount  of  dilution  recjuired  was  then  an  inde.x  of  the  degree  of  ran- 
cidity. 

The  main  critic-ism  of  the  Kreis  tc-t  lia^  been  the  inconsistent 
results  obtained  u  luat  liie  teM  ha-  br,n  ;,npli(d  h.  (v,!!on.eed  nj! 
''  ^^'^  -'"'^vn  bx  sniiii,  I<;2(r  thai  naiiiialix  nrrniaani:  siib-cnaa'. 
'/'"'''  •'*'^'"  P'-^'-*'nl  ill  .-Mit, .nM-(d  M,!  and  uonM  iv,,.-!  m  the  ivrei-  tc.t. 
'1  hcM'  MlbMaiue.,  hoNvex  c;  .  uere  nm  ■;!  x  rci*  i.-  ,  nal  uaav  iin.  f.nied 
'•'  '''^"  '^'-'nip-'HliM,,  Ml  'Jxeeridc-,  niac  -he  .  mImk  produc(d  in  iiie 
re.iction  dexc-lopcd  m<.re  slowlx"  .and  ua.^  of  a  more  purphsh  red  diade 
than  that  })rodu(xd  by  a  rancid  oil.  I>.,uick  !l92.>)  corroborated 
these   results   bx-   a   speef  roT)hoiMniet  i-jr   st.i.p-   ,.(  ji^.    1\-"  '     •  ■  '  ' 

demonstrated  that  by  such  an  examination',  it  ca.uld  be  determined 
definitelx-  whether  the  color  was  due  to  a  rancid  condition  of  the  oil 
or  to  some  other  substance  i)resent. 

In  making  a  Kreis  test,  it  is  xeiv  essential  to  adhere  to  a  rigid 
proc-edure,  especially,  if  an  exaluation  of  the  color  intensitx-  is  desired. 
If.  for  ex-ami)le,  the  order  of  adding  the  reagents  is  changed,  colored 
solutions  may  be  obtained  of  different  intensitit^s  for  the  same  amount 
"t  rancid  fat  and  reagents.  It  is  also  nec-essar\-  to  insure  that  the 
reagents  used  are  pure.  Pouick  .1<)2S)  h)und  tli<it  hxdrochloric  acad 
may  c-ontain  nitro.xl  chloride  as  an  impuritx-.  and  as  such,  would  gix'e 
an  intense  red  color  with  phloroglucinol  but  no  c,,|,„-  eould  be  obt<iined 
when  added  to  .i  non-rancid  or  raiu-id  fat  and  i)hlorogIucino!.  Juher 
used  in  prei)aring  the  phloroglucinol  solution  or  tor  extracting  fat  to 
be  used  in  the  test,  frecjuently  contains  a  peroxide  c-ontamin<int  which 
,^lx•(^<  a  reddish  broxx  n  color  in  the  Kreis  teM.  ("nder  such  conditions 
ether  must  be  purified  before  it  can  be  used.  It  is  obxaouslx'  necessary 
to  alwaxs  insure  that  a  •■blank"  test,  using  onlx"  hxdrochloric  acic'l 
and  i)hlorogiucin()l  solution,  gixcs  no  reddish  color. 

Ihe  mtensitx  of  tlie  color  pioduced  in  the  Kreis  test  was  found  by 
'^*'"'  1*^1'^'  I"  I't'  n.ughlx  i)roportional  to  the  degree  of  ranciditx-. 
uhile  Holm  and  (  aernbank  l')2>)  f,,inid  tlial  the  intensitx-  uf  the- 
*'•''"'  P'"<ln^>'d  was  direcilx  proportional  to  the  amount  of  oxygen 
''/"'•''''^'''  ''-^  t''*'  »•"•  ^i"<-^"  K^'rr  had  based  hi.  results  upon'  the 
''•'I't'""  <'f  a  fal  until  it  gaxe  no  c,,|,.r  with  the  Kreis  reagents,  and 
flolm  and  C.reenb.mk  had  matched  the  .o|,,red  solutions  obtained 
!:om  the  Kreis  test  with  .i  set  of"  standard  co|..r  tubes,  a  somewhat 
-lore  refined  stud--  of  the  test  was  undert.ikcMi  with  the  aid  of  .i 
-pectrophotometer.  It  w.is  dc-sired  to  dcaermine  jiist  how  Ln-i^e  .i 
iiialion    in    intensitx    of   the    ixrei.   test    might    L.e   expected    between 
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samples  of  the  same  type  of  shortenings  with  equivalent  oxygen 
absorptions.  In  the  event  that  the  difference  between  individual 
samples  was  not  very  great,  such  a  study  would  be  of  considerable 
\'alue  in  de\'eloping  a  method  for  determining  the  oxygen  absor[)tion 
(or  degree  of  rancidit\-)  of  an\'  sample  of  shortening. 

The  oxidation  of  the  fat  to  definite  ox\uen  absorj)tions  was  accom- 
pli^lu'd  ill  <i  Fiindilicaiion  of  the  Holm  and  (  irccnhanlv  (1*),?Sai  gas- 
Iil:!i1  -!iiii!i:j,  ap[)a!a!ii-.  !  lie  !,il  wa--  I'xidi/cd  at  ''."-^  *  ..  -^aaiiplc^ 
liciii'j  w  il  lidr.tw  n  a!  dcliinic  (twi^rii  .tl  >--(  )i  pi  ion-;.  Two  'jr.nn^  (4  llu/ 
o\uli/('u  Li!  \\  rU'  \\  ciL',!!  led  i!;i«i  a  -aiijli  \ial,  ri]](\  trt-a'cd  wiiii  2  cc. 
('I  (  <  •!  a  cii !  1  aU'd  lU  !  and  .'  ((.  >  i|  a  l',  --nluiH'ii  t  >\  \)\i\()]'<.  ^-\\u'.\]^t\  in 
ctlur.  Alter  complete  niixini^,  ilu-  conienis  were  allowed  to  >('i)arate 
into  !a\ers,  or  centrituged  it  necessar\',  to  effect  a  se[)arati()n.  One 
(w  ot  the  colored  solution  was  then  diluted  to  a  10  cc.  \(jlume  with 
alcohol  and  filtered.  A  2  cm.  spectrophotometer  tube  was  filled  with 
this  solution  and  examined  in  a  Keuffel  and  lesser  direct-reading 
sj)ectro})hotometer,  and  the  j)ercentages  of  light  determined  which 
were  transmitted  through  the  tube  at  the  xarious  wa\-e  lengths. 


J^O 
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f*0 


S-ro 


sso 


,  t,  /"    1  e  1^  .  ' H  i 


\'\:\.    I        ! ''  I  ■  'Ut  ,!-;i'  '  >;   iui.t   t  r.ni^iiiit  ti''  i  :it   \  \\\  .,i  -  \\  .i\'''  I'-ii..t  ii  ~  1>\-  t '.''  i  >  I'mi.  ■  1  -^oliit  i(  in  ito'Iiu'i''!  1i>' 
n.i-   kt    1^  HM,:'  lU-  en  a  ;iiiini>  -ti  ,iin  l,,r!  wii  i    n.    \(\   M\.    10(1,  201),    R)(l,  an^l    KMt  re.  .■:  ,i\_\  ,l;^  n 

all-'  irlx  i!    \'<  \    10(1  illani-  el   lai-i. 

It  was  tound  that  the  g!'c.itc>t  al)soi'j)tion  ot  light  b\'  the  solution> 
cxauned  at  the  waxc  lengths  .^,^0,  .^40,  .^50.  and  5()()  and  570  milli- 
micron>.  I  ii^ure  1  illustrates  graphicalK'  the  {)ercentage  of  light 
transmitted    at    the    \  cuious    w.ixe    lengths   b\'    the   colored    solutions 
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obtained  by  the  Kreis  test  on  a  prime  steam  lard  sample  with  definite 
oxygen  absorptions.  Not  only  did  the  greatest  absorption  of  light 
occur  at  these  ^,x^  forementioned  w^ave  lengths,  but  also,  the  per- 
centages of  light  transmitted  could  be  more  easily  and  accuratelv 
determined  at  these  wave  lengths  than  at  any  others.  For  these 
reason..  ,t  was  deemed  advisable  to  take  the  mean  of  thesc^  tixe  reading,. 
''^,  ":^'"-'""^^  the  percentav^e  of  h.ht  IranMuilled  bv  t!,e  eolure<l 
-'Inii-n--.  repreK-ntm.u  a  definiie  oxx^en  abM.r|>iion  bv  the  fn  Si„cv 
"^-   IHTcenta^e  ot    li^ht    tranMuit-ed    bear,  an    niNer.e   lelal  ion^hip   •.. 


i('  ptTceniaui^  <  .f  \\^A 


(  M'    :■.!  aUM 


a    'in  le  diiTereiil  \\\   lo  \\ 


!lc 


;;  ,"■  '"'•■"^"^'  "'  ""■  -'l'"i"".  'I"'  'r.„,n„..,l  „r  the  pcnvnia,...  „f 
liL'lH  transmuted  nuli.ates  mere  <learly  the  relationshi,,  „r  oxy™, 
al.sorpt,on  i„  the  mlor  intettsity  of  the  Rreis  test  oti  fats  and 'oils. 

It    wa<   trmnrl    fhit    n  I-.0T-.    +Ko  \^..^      f   *i  •  ,       ^     , 

,.    , "''  ^"'-  '^'^  '"  ^^"^*  '^^-ciprocai  01  uie  perxentage  of 

hght  transmitted  was  plotted  against  the  amount  of  oxx^en  absorbed 
by  the  tat  or  oil.  that  practically  a  straight  line  relationship  existed. 
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TIk-  mo>t  striking  result  indicated  in  the  studv  l-i,i;ure  ')  Is  th.t 
uith  the  exception  of  colKuiseed  oil  and  |M-ime  >team  lard,  all  shorien- 
Nig^  with  identical  oxv^en  absorptions.  ,L;ave  Krei>  te.^ts  of  siniil  ir 
inte.iHtie..  (  otton.eed  oil  showed  an  initia!  absorption  of  li.^ht  l,v 
'IH'  unoMdi/ed  oil,  and  it  this  is  deducted,  the  results  tor  the  cottonseed 
"il  approximate  those  for  the  alM.vdroKcnated  shorteni.v^s       h  ,vould 
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appear  from  tlicse  results  that  the  quantitative  determination  of  the 
degree  of  oxidative  rancidity  could  be  fairly  accurately  determined 
for  all  shortenInp:s  especially  at  the  lower  oxyp^en  absorptions  l)y  a 
spectrophotometric  study  of  the  intensity  of  the  Kreis  test.  It  should 
be  emphasized  that  this  work  has  onh'  been  of  a  preliminar\-  nature 
and  consiclcrab!\-  more  nced'^  to  be  done  before  .in\-  dehnite  coiulusions 
can  be  (h.iwn.  Flit'-^r  rc-^iilt--  w  cic  taken  honi  -oiiic  niii)nbli--ht'd 
(i.ita  obi.muMi  wliilr  ..il    liic  I    ii!\c!--il\    i »!    Miniic^ol.t. 

Methods  for  Studying  the  Susceptibility  of  Fats  to 

Autoxidation 

\  .n'ioii>  rnelho(l>  h<i\c  Ix-cii  u^e(l  to  >tu(l\  the  >u--(ept  ibiht  \  ot  !ats 
and  oils  to  oxidati\e  rcUicidity.  Two  of  these  methods,  the  controlled 
oxidation  method  of  (  ireenbank  and  Holm  (1M25)  and  the  metlnlene 
blue  reduction  method  appear  to  \ield  the  most  {)r()misinii  iesult>. 

The  controlled  oxidation  method  consists  brieih'  in  weiiihinu  a 
detinite  amount  of  fat  or  (»il  into  a  tlask,  rei)lacin|i;  tlie  air  within  the 
flask  1)\-  oxxiien,  and  keei)inii  the  whole  at  a  constant  temperature  in 
a  CcuefulK"  controlled  thermo>tat.  The  time  recjuired  for  the  samj)le 
to  start  reacting,  with  o\\iien,  as  rei^istered  !)>'  a  fall  in  pressure  within 
the  s\stem.  is  carefulK'  noted  and  the  amount  of  oxN'i^en  al)>orbed  for 
definite  interx'als  of  time  thereafter  is  determined. 

The  leniith  of  time  a  fat  or  oil  is  in  intimate  (H)nt<ict  with  ox\-.iien 
before  an\-  consistent  and  measur.d)le  cd)sorption  t<ikes  i)]ace  is  taken 
as  the  induction  period.  The  length  of  this  ])erio(l  is  then  an  indication 
of  the  ease  with  which  a  fat  or  oil  will  oxidize,  or,  is  a  mea-^ure  of 
suscej)tibilit\-  to  o\i(lati\e  r.nuMdit\-.  Hiis  has  been  \-ei  \-  clearly 
demonstrated  b\-  the  lesult^  of  (  .reenbank  and  Holm  (l')24)  on 
butterfat. 

'Idle  rate  (A  metlnlene  blue  reduction  in  a  lat  under  con>tant 
con(lition>  h,is  abo  been  used  <is  a  me<ln-^  ol  determinimr  su>cei)tibilit  \' 
to  oxidatixc  icUiciditv.  <  ireenbank  and  llolm  l*).->())  haxc  recentU" 
dexised  a  method  w  liereb\-  the  reduction  ot  methxlene  blue  !>>■  a  iaL 
is  cat.iKzed  b\-  liiiht  and  the  point  at  which  .i  dehnite  reduction  has 
taken  i)l.u-e  i-  indicated  b\  <i  i)hotoelect  I'ic  cell.  .\n  ai)preciable 
decrease  in  the  !en;4tli  of  time  of  the  expeiiment  i>  obtained  b\-  {\u> 
met  hod. 

A  -nniewliai  (littereiil  j)ro(('dui'e  for  perfoiinini;  (he  mellivleiie  blue 
te>I  wa-u--e(lb\  I  )a\  i(,">  1  *>JS  ).  lU  t  hi^  te>t ,  t  he  fa  t  to  be  examined 
i>  nnxed  wiili  mellulene  blue  and  enuilsitied  in  skim-nnlk.  \\]\^ 
nnxtuic  i-  nunl).(te<|  at  S7  ('.  and  tlie  blue  color  reduced  b\  the 
milk  reducta>e.  .\fter  all  the  color  ha>  (li>ai)peai'e(l.  the  tubers  are 
shaken    \iL:orou>l\    lor    1.^    >ecoii(l>   ,ind    .illowcd    to   >t.nid    -    nnnutes. 
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The  amount  of  restoration  In  color  at  the  end  of  this  period  Is  a 
measure  of  the  oxidation  capacities  of  the  fat  or  the  ability  to  make 
use  of  the  dissolved  oxyp^en. 

Factors  Influencing  Oxidative  Rancidity 

("ontrolled  oxidation  methods  and  nieih\l(Mie  blue  reduction   te>ts 
hax-e  m,i(le  j)n.Hbh>  tlie  r.ipid  aii.i  .iccurale  del  crnniia  t  i.  mi  of  the  ettcd. 
ci    xaiiou^   facini-.    npnn    o\id.,n\e    rancMJiu.       l-iui:^.   (.icenbaiik   and 
H<'''i^     1"-M'  h'lind  lliai   fatt\-  ac!(b  (lc<-|-eaM-.|   ihc  IcnL'i!,  nf  nidnclicn 
j.eriM.I  of  (,\\M,.n  ,il.'M.ri.n..n  Mt  L,l^.  ih.-cilcct   bcini^r  greai  cM   uiil,   liie 
'"".-^•''    '■''■""    -'^i-i--       MoiMurc.    on     the    other    hand,    wa^    h.uiid     to 
increase  the  length  of  induction  period  of  oxygen  absori)tion,  indicating 
.1  retarding  effect  upon  oxidative  rancidity.     This  is  contrary  to  the 
.  ..v.^  ...   ......... ^,.^   ,,.   ..vvuiMviic   iaiKuiii\,   uneie  it  is  essential  tor  the 

hydrolysis  of  the  glycerides.  line  and  Olsen  (1<)2S)  demonstrated 
the  effect  of  moisture  in  slowing  up  the  oxidative  deterioration  of 
stored  grain  products.  I  liaxe  obtained  similar  results  with  stored 
crackers,  and  so  also  have  Holm,  Wright  and  ('.reenbank  (1<)27)  in 
tlie  case  of  i)()wdered  milks,  just  how  moisture  retards  rancidity 
development  is  not  known.  (;reenl)ank  and  Holm  (1<)24)  bellexe 
that  water  may  extract  catalyzing  substances  from  the  tat  or  it  may 
also  cause  the  oxidation  to  go  directly  to  the  acid  stage,  instead  of 
stoi)i)ing  at  the  aldehyde  stage  with  the  production  of  a  rancid  odor 
and  taste. 

Metals  act  as  powerful  catal\>ts  in  the  oxidatixe  deterioration  of 
fats,  on!\  traces  being  necessar\-  to  effect  a  \igorous  cat.ilysis.  This 
cttect  of  metals  is  partlcularh"  a  problem  in  the  spoilage  of  dair\- 
products,  since  tr<ices  of  copper  and  tin  are  dissoKed  from  (^oniainers 
m  the  \arious  stages  of  processing  of  milk  and  milk  i)rodu(  ts.  I  )a^  ies 
(1'>2S,)  u>vd  the  methxlene  blue  reduction  te^t  to  demonstrate  the 
catahtK-  ellec-t  ot  metab  in  increasing  the  oxidation  of  butterfat. 

1  ligh  temperatures  and  light  are  also  caiaKst^  for  tlie  oxidation  of 
tat-,  but  ol  |)rime  imj)ortance  is  the  presence  of  oxxgen  or  air.  .Storage 
m  the  absence  of  air.  .is  in  <i  \acuum.  i>  <i  \  er\  ellicient  method  of 
retarding  oxidatixe  deterioration  in  fat>.  llolm.  <  .reenbank  and 
!>e\>her  il<)27)  haxc  -howii.  however,  that  fat  ni.i\-  contain  loo^elv 
•oinbined  ox\gen  which  can  eltect  an  oxidation  of  the  fat  c-\en  in  a 
\acuum  when  stored  oxer  a  considerable  i)erio(l  of  time.  I  )isplace- 
"^^'"^  <•'  ^^1^'  ^'i''  J'V  'Hi  inert  ua-  .-uch  a>  nitrogen  or  Indrogen  also 
I'rexcnts  the  rapid  oxidation  of  fats,  while  carbon  dioxide  doo^iiot 
-il'pcar  to  act  as  an  ineil  lm-  in  this  re-pect  and  doe-  not  inateriail\- 
!ciard  the  rate  (.f  fat  oxidation.  hanerx-  and  llenle\-  l')22)  found 
laid    .stored    in    an    atmosphere    ..f   carbon    dioxide    became    rancid    as 
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quickly  as  when  stored  in  air.  while  Supplee  and  Dow  (1925)  found 
the  same  to  hold  true  in  the  storap:e  of  milk  powder. 

Anti-oxygenic  Catalysts  and  the  Autoxidation  of  Fats 

Consideral)le  interest  has  been  aroused  of  late  by  the  possibility 
of  usinc:  anti-()\\i:^enic  catabsts  to  pre\ent  or  retard  the  .uitoxidation 

<'f  I'tt:-.  riic  -^tiub.-  <>t  aiii  i  ()\\ '^enic  cataK^ls  \\,i>  iiiitiatcd  lai^eK' 
MiKais-^h  1  he  ir-iilt-  of  Monrcau  ,n]^\  1  )iilVai--c'  l<^Jh  ,  and  li.i>  reccix  ed 
its  ^rcaie-l  inip«.'ln>  \>v  \\\v  Cik'ciixe  application  in  prcxentini;  the 
oxidative  di.'UTM  »i\i!  i(  ai  « i|  rubbiT.  Tlic  aciion  of  ihe-c  -^iii  )--!.mu('>  as 
in,!nbil<!i>  ha-^  been  e\p!, lined  b\-  Mourcau  and  !)nlrai>se(>n  the  ba>is 
oi  the  theorx-  of  "ne,uati\e  catal\sis"  and  b\-  Al\ea  and  Hiickstrom 
( 1929)  through  the  chain  reaction  theorv.  These  inhibitors  a[){)arently 
f 


iinr'tirtii    thtonch    fifu'tmncr    «v>nii'»^  \nnrl<    aa  Itli      ^^t- 


peroxides  in  the  fat,  thereby  decreasing;  the  oxidizing  potential  of  the 
fat  and  prexentint::  its  rapid  oxidation. 

In  a  recent  paper  Mattill  (1931)  has  investigated  the  action  of  a 
Large  number  of  anti-oxidants  on  fats,  and  found  a  number  of  them 
(Jiydroquinone.  quinone,  pyrocatechol,  pyrogallol,  a-naphthol  and 
H-naphtho(iuinone)  effective  as  inhibitors.  Mattill  attempted  to 
correlate  the  inhibiting  power  with  the  configuration  of  the  inhibitor. 
His  obserxations  indicate  that  the  anti-oxygenic  effect  is  due,  in  the 
j)henolic  compounds,  to  two  hydrox\l  groups  in  the  ortho  or  para 
j)()sitions.  while  in  the  naphthols  but  one  h\(lrox\'l  group  is  suf'ticieiU. 

The  fact  that  substances  are  known  which  will  retard  the  autoxi- 
dation of  fats  raises  the  possibility  of  their  use  in  the  preser\ation  of 
edible  fats.  .S)  far,  at  least,  they  have  been  \iewcd  with  susi)ici()n 
due  to  their  (juestionable  toxic  effect  in  foods,  and  their  commercial 
.ij)plication  has  noi  been  attempted  so  far  as  we  are  aware. 

It  is  interesting,  howexer,  that  an  anti-ox\genic  substance  ai)pears 
to  be  normalU-  present  in  wheat  tlcnir.  Mattill  (1927)  found  wheat 
uei  ni  oil  to  exert  a  i)r()tecti\e  action  in  i)re\enting  the  oxidati\e 
destruction  of  xit.imins  A  and  \'.,  and  postulated  that  tlie  sterols 
l)resent  in  the  oil  were  responsible  for  this  action.  This  wds  later 
substantiated  b\-  Mattill  and  Crawford  (1930). 

hriebold  1''29)  studxing  the  relation  of  shortening  agents  to  the 
keeping  qu.ililx'  (»f  the  (aackers  foinul  certain  cracker  samples  exhibiting 
much  bette:"  keeping  (jualities  than  the  shortening  agents  would 
w.irrant.  Me  expl.iined  this  on  the  basis  that  the  wheal  oil,  j)i'esent 
in  t>iie  ciac  kei  flour,  cont. lined  some  substance  which  i)re\ented  the 
Lipid  oxidation  of  the  shortening,  an  explanation,  which  is  in  direct 
com  rada  lion  to  the  more  or  less  gener.il  idea  that  wheat  oil  aids  in 
the  oxidati\e  deteiioicition  oi  l)aked  goods. 
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To  test  out  the  assumption  that  wheat  oil  acted  as  an  inhibitor  in 
the  oxidative  deterioration  of  baked  goods,  three  series  of  cracker 
samples  were  prepared  under  constant  conditions  and  their  keeping 
cfuahties  determined  by  the  lengths  of  induction  periods  of  ovvgen 
absorption.  One  series  of  samples  were  baked  as  <-onirols,  an/.iher 
M'ries  w(a-e  baked  usir^  the  sirne  flour  as  the  control,  except  that  it 
w<.s  fn-st  extracted  with  ether,  and  a  third  series  u^ed  the  flour  after 
n  !iad  been  snnpiv  treated  with  ether  and  evap<Haie<l  withoui  die 
:"-s  "  )f  an\-  of  t  he  oik 

'I'he  results  obtained  on   these  three  series  of  cracker  samples  are 
given   in    I  able   I.      It   will   be  noted   that   the  ether  extracted  Hour, 

TADki:    I 

I-rrKCT  UK  Whkat  Oil  PnESKxr  ix  Cracked  Flour  on  iuk  Kkhi-ix.;  ( )r  v,  irv  of 

Crackers 


Sampfe 


Length  of  induction  period  in 

lioiirs.      100   gram   samples  of 

crackers  and  20  gram  samples 

of  shortenings   o.xidized   at 

90=  (;. 


Controls 

Kther-treated  ^not  extracted  i 

laher-extracted 

IVime  steam  lard  shortening 


7.0 
,vO 

4.5 


trom  which  the  gi-eater  percentage  of  wheat  oil  had  been  extracted, 
>howed  a  relatix-ely  short  induction  period,  indicative  of  poor  keeping 
(juahties.  Treatment  with  ether,  without  extracting  the  oil,  did  not 
citlect  the  keeping  (jualities  o{  the  resulting  crackers  as  thev  exhibited 
practically  the  same  length  of  induction  period  as  the  controls.  The 
baked  crackers  showed  a  considerably  longer  induction  period  than 
the  original  shortening,  indicating  that  the  keei)ing  (ju.ilities  of  the 
shortening  had  been  enhanced  by  the  wheat  oil  in  the  cracker  floin-. 
I  ins  studx-  has  just  been  com[)lete(l  and  we  are  continuing  along  this 
hue  <it  the  present  time. 
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INTRODUCTION 

Importance  of  understanding  energy  relations  betiveen  soil  and  plant 

Coincident  with  the  rapid  advances  in  physical  chemistry,  concepts  with 
respect  to  soil  fertility  problems  are  undergoing  profound  changes.  This  is 
manifested  by  the  results  of  recent  investigations  (1,  5,  8,  9,  25,  28,  83,  95) 
in  which  the  principles  of  plant  production  are  shown  to  be  dependent  not  onlv 
uj)on  a  knowledge  of  the  exchanges  of  energy  in  the  soil,  but  also  upon  the 
energy  relations  of  chemical  reactions  between  the  soil  and  the  plant,  including 
necessarily  the  transformations  of  energy  taking  place  within  the  living  cells. 
This  paper  will  treat  of  the  factors  affecting  the  equilibria  of  nitrogen,  phos- 
phorus, and  potassium  in  the  soil  in  relation  to  the  absorption  of  these  elements 
by  the  plant. 

.1  mathematical  expression  for  evaluating  the  factors  of  fertility 

It  will  simplify  our  presentation  of  the  subject  of  the  so-called  ''selective" 
absorption  of  nutrient  elements  from  the  soil  if  we  can  find  an  expression  that 
will  enable  us  to  visualize  the  dominant  soil  factors  affecting  the  nutrition  of 
plants  (^5). 

Influence  of  li'ater. — Water  is  without  question  the  greatest  limiting  factor  in 
plant  development.  It  is  known  from  numerous  experiments,  especially  from 
those  of  Hellriegel  (19)  and  of  WoUny  (94),  that  for  maximum  growth  there 
exists  for  each  soil  type  an  q:)timum  water  content.  If  Hellriegel's  experi- 
mental results  (19)  on  the  variation  of  dry  matter  produced  as  a  function  of  the 
water  content  of  the  soil  are  plotted,  it  is  found  that  the  points  lie  approxi- 
mately on  a  parabola.  Let  .1  (fig.  1)  represent  the  yield  when  the  water 
content  of  the  soil  is  optimum  and  let  V  represent  the  actual  yield.  Since  the 
curve  obtained  is  a  parabola, 


.-.  k(x,  -  x,y~  =  A  -  y 


(A[ 


^  Presented  before  the  soil  fertility  conference  held  in  commemoration  of  the  50th  .Anniver- 
sary of  the  01(1  Fertility  Plots  of  the  Pennsylvania  State  College.  Publication  authorized  by 
the  director  of  the  Pennsylvania  .\grirultural  Experiment  Station  as  technical  paper  no.  534. 
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i.e.,  the  decrease  in  yield  from  the  maximum  is  proportional  to  the  deviation 
in  the  water  content  of  the  soil  from  the  optimum,  or 


]'-.!-  k(: 


.VI', 


nv^ 


\'.lK'rc  .('  i.-^  a  ^()nstant  cxpri-ssing  tlic  sensiti\ciR'ss  of  tlic  plant  to  c}iaii<,'fs  in 
llic  water  (  oiilt-nt  of  the  soil. 

Ii  iifrr  i't^iltiit  of  lilt  soil  ui  nUiiU'Ji  (o  the  fju^xifnin)!  iPhinicy  (if  ^liiitr,:!  jui 
trioits.  Jiut  WoUny's  cxj)erimcnts  (U.y)  show  that  the  optimum  water  (onteiit 
of  the  soil  corresponds  also  to  the  maximum  efliciency  of  the  mineral  nu- 
trients, i.e.,  to  their  maximum  absorption.  Since  growth  from  balanced  nu- 
Lrienl  solutions  is  a  function  of  the  amount  of  the  nutrient  element  atjsorbed, 
therefore,  the  absorption  of  a  nutrient  element  is  also  proportional  to 


.4  -  A-(.v,  -  .v..)2 


(O 


DRY 
MATTER 


O  1 

PCR   CENT  WATER 

I'lc.  1.  Rf.lation  or  \if.i.i)  to  Wati  r  Contknt  of  Soil 

Let  Si  represent  the  quantity  of  soil  explored  by  the  roots  within  a  {)eriod  of 

time  /.     Also  let       represent  that  fraction  of  the  soil  mass  considered  (S,) 

s 

entering  into  solution  j)er  unit  of  time  in  the  form  of  a  specific  nutrient  element 

(nitrogen,  phosphorus,  or  potassium);  and  let  -  be  the  fraction  absorbed  per 

r 

unit  of  time  by  the  i)lant.     Then  in  a  unit  of  time  the  fraction  of  the  soil  mass 

absorbed  by  the  j)lant  will  l>e  -  ',  where  i^  measures  the  resistance  to  solution  and 

r  measures  the  j)hysiological  resistance  of  the  roots  to  the  absorj)tion  of  the 
dissolved  element  (osmosis).  The  former  can  vary  from  -f  oo  to  1.  It  is 
always  great  and  dei)ends  on  the  nature  of  the  soil.  The  latter  can  vary  from 
-f  °°  to  1  and  depends  on  the  feeding  power  of  the  plant  (84,  89,  90,  91). 
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From  (C)  the  absorption  per  unit  of  time  is  proportional  to 

A  ~k(x,  -  x„y^ 

Let  us  |)ut 

'   -  A.|.l  -/•(.,-. ,j4-^- 


(D) 


(E) 


The  expression  on  the  right  rej)resents  then  the  fraction  of  the  soil  tliat  passes 
from  the  solid  condition  to  the  plant  in  a  unit  of  time. 

Then,  as  we  increase  the  time  from  /  to  ^  +  dt,  the  amount  absorbed  (dv) 
will  be 


(F) 


where  A'  is  a  constant  representing  the  capacity  of  the  plant.     Or  for  the  rate 
of  absorption 


dx  ( 

---  =  K{A  -  k(x 

di       y 


•*■,,! 


^0) 


Tn  experimental  work,  of  course,  {dt)  is  relatively  large;  but  it  is  remarkable 
that  the  average  rate  of  absori)tion  remains  relatively  constant  for  long  periods 
of  time  (15  days,  for  example). 

The  equation  shows  that  a  soil  can  be  deficient  with  respect  to  a  given  nu- 
trient element  for  two  reasons:  (a)  Inabihty,  during  periods  of  very  active 
absorption,  to  maintain  the  supply  above  critical  concentrations  of  the  ele- 
ment. The  function  of  fertilizers  is  to  create  a  potential  supply  to  provide  for 
these  emergencies,  (b)  Inability  to  i)rovide  at  any  time  the  supply  of  an 
essential  element  above  critical  concentrations.  In  this  category  are  worn  out 
or  run  down  soils. 

The  equation  modified  by  the  addition  of  fertilizers  r  Similarlv  for  the  rate  of 
absorj)tion  of  an  element  introduced  in  a  soluble  form  such  as  a  fertilizer  which 
modifies  a  mass  (say  .S")  of  the  soil,  it  may  be  shown  that  the  rate  of  absorp- 
tion of  the  element  introduced  is  expressed  by  the  equation 


dy 
dt 


A:'-|.i'-r(.v„  -.V.) 
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The  comi)lete  equation  expressing  the  inlluence  of  the  soil  and  of  the  added 
fertilizer  is,  therefore, 


(/) 


(fertility  factor) 


(fertiH/.ation  factor) 
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The  formula  clearly  indicates  the  dominent  role  exercised  by  a  soluble  ferti- 
lizer in  plant  nutrition.  As  we  shall  see  later  the  reciprocal  influence  of  one 
element  (ion)  on  another  will  involve  the  terms  i-  and  r  of  this  equation. 

The  edrliisl  txpcrimcnt^  o/i  Ihc  rrcipiiHtil  effect  of  elefueiits  on  ahsorptuni  bv  planis 

The  rt'(  iproral  or  mutual  t'lTecl  of  one  ek-meiU  upon  another  was  first  ob- 
stTxcd  a])()ut  the  middle  of  the  last  century  by  Wolff  (92).  In  his  extensive 
nutrient  solution  culture  investigations  on  tlie  growth  of  l)arley,  Wolff  ob- 
served that  the  yield  of  plants  grown  in  his  ''complete"  nutrient  solution  was 
greater  than  that  from  cultures  in  which  sodium  was  omitted.  But  Wolff's 
nutrient  solutions  were  too  high  in  potassium  to  be  well  balanced  with  respect 
to  the  concentration  of  this  element.  Analyses  of  the  plants  showed  that  the 
introduction  of  the  sodium  ion — from  sodium  chloride — decreased  the  ab- 
sorption of  potassium  and  so  prevented  its  luxury  consumption  ('luxuskon- 
sumi)tion"),  an  expression  which  we  have  heard  much  about  recently.  Thus 
was  it  learned  that  absorption  of  an  element  in  excess  of  that  utilized  might 
reduce  yields  and  that  this  absorption  in  excess  of  the  amount  of  the  element 
required  for  the  production  of  a  normal  plant  could  be  controlled  by  the  addi- 
tion of  another  element— in  Wolff's  experiments,  sodium.  These  experiments 
of  Wolff's  with  sodium  and  potassium  were  confirmed  by  a  number  of  investiga- 
tors and  definitely  established  the  reciprocal  action  of  at  least  two  elements. 

The  concept  of  physiological  balance 

The  existence  of  antagonism  between  other  elements. — This  reciprocal  action  of 
one  clement  resulting  in  suppressing  the  absorption  of  another  was  later  found 
to  occur  between  other  elements  (ions)  in  the  case  of  absorption  by  both  plant 
and  animal  cells.  A  reciprocal  relationship  was  found  to  exist  between  Ca^  ^ 
and  K^  (10,  22,  27,  56),  between  NH4+  and  K+  (48,  49,  50),  between  Sr++  and 
K  ■  (55),  between  Ca^  ^  and  Mg^^  (51),  between  Xa^  and  NH4+  (65,  66,  67), 
between  SiOo  and  POr  '  (5,  16,  18,  43,  44),  between  Mg++  and  Sr++  {55), 
between  Mg*^^  and  Ba'  "^  (55),  between  Xa^  and  Ca+^,  between  Xa+  and 
Mg-"  (22,  27)  and  between  K+ and  Fe+++  (15,  29). 

Diminution  of  antagonistic  action  with  dilution.--  Loeh  (49)  gave  the  term 
"antagonism"  to  this  phenomenon.  But  Osterhout  (68)  showed  later  that 
the  antagonistic  action  increased  with  the  increase  in  the  concentration  of  the 
solution.  In  very  dilute  solutions,  such  as  that  of  the  order  of  magnitude  ob- 
tained from  soils  by  the  various  displacement  methods,  no  antagonistic  effect 
was  observed.  It  follows  that  if  the  same  mechanism  is  operative  in  soils  as 
in  nutrient  culture  solutions,  it  must  be  postulated  that  plant  roots  obtain 
their  nutrients  from  a  much  more  concentrated  solution  than  that  obtained 
thus  far  by  artificial  means. 

Optimum  ratios. — These  investigations  by  Loeb  and  Osterhout  led  to  the 
development  of  the  concept  of  physiologically  balanced  solutions,  from  which 
followed  the  long  search  by  means  of  nutrient  culture  solutions  to  discover  the 
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best  (optimum)  ratios  between  the  various  nutritive  elements  (7,  20   .P   47 
52,53,54,73,74,76,77,78,79,88). 

XutrioU  culture  versus  jield  experiments 

Absorption  from  soil  and  nutrient  solutions  com  pared. —The  princii)les  ac- 
quired by  means  of  these  laboratory  studies  cannot  be  overestimated  with 
respect  to  the  service  rendered  in  provichng  a  system  of  i)hysiological  knowledge 
lor  application  to  field  studies.  The  environmental  conditions,  however, 
affecting  the  absorption  of  elements  from  the  soil  are  different  from  those  under 
which  nutrient  culture  experiments  are  conducted  because:  (a)  The  rate  of 
diffusion  of  ions  toward  the  root  zones  is  more  rapid  in  nutrient  culture  solu- 
tions than  in  the  soil  (21);  (b)  the  extent  of  the  root  system  and,  therefore, 
the  absorbing  surface  is  greater  under  field  conditions  than  in  nutrient  culture 

1     •  1 

solutions.     The  factor  — -  of  equation  (/)  thus  becomes  unity  in  solution  but 

not  in  soil  cultures. 

Soil  versus  plant  analysis. -Because  the  concentration  of  the  soil  solution 
with  respect  to  any  of  the  principal  elements  is  subject  to  wide  fluctuations 
even  in  the  uncropped  condition  (2,  3,  80),  it  is  difficult  to  draw  conclusions 
relative  to  absorption  of  ions  from  soil  solution  studies  alone.  It  is  possible, 
however,  as  we  shall  see  by  comparing  the  amounts  of  nutrients  absorbed  -  at 
the  different  vegetative  periods-  by  plants  growing  under  uniform  soil  and 
meteorological  conditions,  to  extend  very  considerably  our  knowledge  of  the 
factors  inlluencing  the  absorption  of  the  principal  (dominant)  elements  (ions) 
from  soils. 

TIIK    LAW    OF    THi:    MINIMUM    AND   ITS    IMPLICATION 

Many  "laws"  have  been  advanced  j)urposing  to  define  the  relationship  be- 
tween the  amount  of  nutrients  absorbed  by  the  plant  and  the  dry  matter 
})roduced  (45,  46,  60).  The  first  was  by  Licbig  (45),  who  announced  as  a 
corollary  to  what  afterwards  became  known  as  the  "law  of  the  minimum" 
that  nutrient  elements  must  be  absorbed  in  certain  definite  i)roportions  and 
in  such  a  manner  that  when  the  rate  of  supply  of  one  of  the  })rincipal  nutrient 
elements  is  reduced  below  the  critical  concentration  for  that  clement  the  rate 
of  absorption  of  the  other  princij^al  nutrient  elements  is  retarded  or  dej)ressed, 
because  an  inadequate  supply  will  render  the  other  elements  unavailable, 
since  the  plant  will  be  unable  to  grow  to  any  extent.  Consequently,  assuming 
all  the  other  growth  factors  constant,  it  follows  from  Liebig's  basic  hvpothesis 
that  if,  with  time  as  the  abscissa  and  the  quantity  of  nutrient  element  absorbed 
during  the  growth  of  a  plant  as  ordinate,  graphs  are  plotted  indicating  the 
course  of  absorption  of  nitrogen,  phosphorus,  and  potassium  from  a  soil  to 
which  a  "comj^lcte"  fertilizer  has  been  added  -with  all  other  growth  factors 
constant  the  graj^h  showing  the  course  of  absorption  of  anv  one  of  these 
elements  from  a  fertilizer  containing  only  two  of  them  would  be  displaced 
from  its  former  position  and  would  now  fall  below  it. 
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The  results  of  field  experiments 

The  American  field  experiments.~~The  results  which  we  have  obtained  in  our 
experiments  on  the  absorption  of  these  elements  },y  apple  trees  grown  in  the 
field  under  controlled  conditioiis  (80)  are  shown  Knir)!ii(allv  in  li<;ure  2.  The 
d.ala  are  expressed  in  percentage  (,f  the  element  absorbed  bv  ihe'last  season'< 
braneh  growth  on  a  moisture-free  basis,  d'hese  results  are  in  accordance  with 
biebig  s  basic  hypothesis,  dims,  it  will  be  observed  that  the  omission  of  anv 
one  ol  the  elements  nitrogen,  i>hosphorus,  or  potassium  from  the  fertilizer 
has  resulted  in  a  decreased  absorption  of  the  remaining  elements  and  is  ac- 
companied by  decreased  growth  and  reproduction.     Analvtical  data  reccntlv 


MONTH    AJJA5N     AJJASN     AJJA5N     AJJA5N     AJJA5N 
CHECK  N+P-f-K  N  +  P  N  +K  P -^K 

I-ic.  2.  Tin.  CocRSK  o,   Tin:  Absorption  ok  Xitrog.n-.  PHr)spn(.Rrs,  and   Potassicm  by 
PyriLs  wains  L.  as  Di.Ti.RMiNia)  by  the  Periodic  Analysis  of  the 

ClRRENT  AND   SkASOn's   HrANCH    (IrOWTH 

Resulls  arc  expressed  in  percentages  of  dry  weight  of  material 

obtained  with  respect  to  the  total  amount  of  each  element  taken  up  ])v  an 
entire  tree  show  the  same  relationshii)s. 

The  French  field  experiments.--  But  the  results  of  verv  carefullv  conducted 
long  time  experiments  by  Lagatu  and  Maume  («U,  .S6,  .^7,  38,  40)  in  Montpclier 
on  the  course  ot  absorption  of  nitrogen,  {phosphorus,  and  potassium  bv  the  vine 
(1  Uis  vinifera)  show  that  in  wet  as  well  as  dry  vears  the  omission  of  one  of  the 
three  elements  nitrogen,  i)hosphorus,  potassium  from  the  fertilizer  resulted 
not  in  a  decreased  absorption  of  the  remaining  elements  relative  to  that  from 
the  complete  fertilizer,  as  would  be  expected  from  Liebig's  law,  but  on  the 
contrary  in  decreased  yields  produced  bv  a  nutritional  lack  of  balance  caused 
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by  an  increase  in  the  absorption  of  the  remaining  elements  of  the  fertilizer. 
The  results  shown  in  figure  3  are  given  in  percentages  of  the  drv  weights  of 
leaves. 

7//c,sr  resulls  arc  of  paramount  imfwrtaucc  in  Ihr  srirucr  of  plant  and  animal 
nutrition  and  in  their  application  to  the  problem  of  tin  fertilizer  requirements  of 
sods.  They  slum  the  impossibility  of  makuii^  a  comparison  between  the  composi- 
tion of  plants  of  the  same  spcci.,  unices  the  data  arc  referred  to  the  same  standard 
control,  i.e.,  to  tlw  composition  of  the  plant  of  the  same  species  grown  under  such 
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I'lG.  3.  The  Course  of  the  Absorption  or  Xitrogen,  Phosphorcs.  and  Potassiu 
Vinis  vitifrra  as  Determined  by  the  Periodic  Analysis  ok  the  Leaves 
Rfsuhs  are  expressed  in  percentages  of  dry  weight  of  material 

conditions  of  physiological  balance  as  to  produce  sufficient  growth  to  ensure  repro- 
duction of  the  highest  order. 

It  is  important  to  ascertain  the  causes  of  these  ap})arentlv  anomalous  re- 
sults, liut  before  attempting  an  exj)lanation  the  results  of  some  experiments 
in  Austria  on  barley  (75)  bearing  on  this  same  i)roblem  will  be  given. 

71ie  Austrian  field  experiments.  Roth  nitrogen  and  j)hosphorus  in  the  soil 
of  this  ex[)eriment  are  very  low  but  the  potassium  content  is  high.  The  results, 
which  are  given  in  absolute  amounts  of  the  element  absorbed  (tig.  4),  show 
that  relative  to  the  absorjnion  of  elements  from  the  (X  -f  P  +  K)  })lot  the 
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omission  of  potassium  resulted  in  an  increased  absorption  of  phosphorus  and 
nitrogen  and  that  relative  to  the  (2N  +  P  +  K)  plot  the  reduction  in  nitrogen 
(N  +  P  +  K)  resulted  in  a  decreased  absorption  of  potassium  and  phosphorus. 

In  the  unfertilized  j^lot  potassium,  as  would  be  ex])ected  from  Liebig's  law, 
is  absorbed  in  relatively  greater  amounts  than  nitrogen  or  i)hosphorus  up  to 
the  time  of  blossoming,  llie  analyses  of  his  plants,  however,  showed  that  after 
this  jH'riod  potassium  migrated  again  to  the  soil.  Sekeni  maintains  that  this 
migration  is  a  physiological  necessity  and  rei)resents  the  plant^s  attempt  to  rid 
itself  of  an  element  absorbed  in  excess  of  that  utilized. 

It  will  be  observed  that  when  nitrogen  and  phosphorus  are  added  (N  +  P) 

the  ab<^orr»tinn   nf  tVip  plprnpTitc:  i*c  inproqcp/^l   onH  T^^i^^r^r^;,.,^,    j„„„  „„4^   , -•    ,     - 

back  to  the  soil,  for  the  excess  of  potassium  is  now  balanced  by  the  increased 
absorption  of  nitrogen  and  phosphorus.  The  addition  of  potassium  to  this 
soil  already  abundant  in  this  element,  as  will  be  seen  from  the  (X  +  P  +  K) 
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Fio.  4.  Tin:  Coirsk  of  the  Absorption  of  Nitrogen,  Phosphorus,  and  Potassium  by 
Ilordeum  sativum  as  Determined  by  the  Periodic  Analysis  of  Wholi;  Plants 
Results  are  expressed  in  percentages  of  dry  weight  of  material 

l)lot,  causes  a  migration  of  potassium  to  the  soil  and  a  decrease  in  the  amount 
of  nitrogen  and  phosphorus  absorbed.  On  the  further  addition  of  nitrogen, 
the  absorption  (2X  +  P  +  K  i)lot)  again  becomes  balanced  and  results  in  a 
maximum  yield.  Further  additions  of  nitrogen  result  in  an  excess  absorption 
of  this  element  with  migration  to  the  soil  and  a  decreased  absori)tion  of  potas- 
sium and  no  influence  on  the  absori)tion  of  phosi)horus. 

An  analysis  and  synthesis  of  the  results 

Lagatu  and  Maume  (^5,  39,  40,  41,  42)  have  announced  that  their  results 
clearly  show  that  the  corollary  from  Liebig's  "law  of  the  minimum"  is  not 
capable  of  generalization.  The  present  writer  will  show,  however,  that  the 
contradiction  is  an  apparent  and  not  a  real  one. 

It  may  be  seen  from  equation  (I)  that  the  effects  of  the  addition  of  nitrogen, 
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phosphorus,  or  potassium  to  a  soil,  added  singly  or  in  one  or  more  combina- 
tions, will -all  other  factors  remaining  constant-depend  upon   the  factor 

V7.  "^  sj'  '■''■'  ^-'"'^  '*i'^"  ^^^^*  supplN  ing  power  of  the  soil  to  maintain  concentra- 
tions of  an  element  above  the  critical  concentration,  and  (b)  to  the  concentra- 
tion with  respect  to  that  element  produced  bv  the  added  fertilizer.  A  knowl- 
edge ol  this  supplying  power  with  res|)ect  to  a  given  nutrient  element  would 
therefore,  appear  to  be  essential  in  order  to  determine  the  ratio  between  the 
constituents  of  a  fertilizer  necessary  to  provide  a  balanced  soil  solution  Un- 
fortunately, the  process  of  obtaining  a  true  measure  of  the  supplvin^  nower 
with  respect  to  a  given  nutrient  ion  is  laborious,  involving  long  and  expensive 
experiments  (80). 

For  the  purpose  of  the  present  analyses,  however,  sufficient  information  may 
be  obtamed  from  laboratory  methods  similar  to  those  of  Konig  (S3),  and  of 

TABLE  1 
A  mounts  of  total  solutes  and  of  ''available'*  nitrogen,  phosphoric  acid,  and  potash  in  the  soils  from 

the  three  experiments  considered 


LOCATION  OK  EXPE8IMENT 


State  College,  Penna,  U.  S.  A 

Montpellier,  France 

Vienna,  Austria 


DRY  SOIL 


Total  solutes 


p. p.m. 

310-490 
2,0(X)-2700 


Soluble  in 

1  per  cent 

KjSOi 

X 


p. p.m. 
82 

260 

(low) 


Soluble  in  1  per  cent 
citric  acid 


PjOi 


p. p.m. 

65 

1,300 

47 


KiO 


p. p.m. 

130 
210 
280 


Xeubauer  (61 ,  62,  63,  64,  87)  and  to  the  displacement  (31 ,  69,  72)  or  extraction 
methods  (2,  3).  Information  of  this  type  is  available  (39,  40,  41,  42,  75,  85) 
for  the  check  plots  of  the  three  experiments  discussed.  This  information  is 
assembled  in  table  1. 

It  will  be  observed  that  when  the  soil  is  deficient  in  an  element,  i.e.,  when  s-, 
of  equation  (I)  is  high 


(  or  w' 


1 


lallY 


/hen  ^  is  small  I,  the  concentration  being  below  the 

critical  level  for  that  element  (e.g.,  nitrogen  and  phosphorus  in  the  Pennsylva- 
nia and  Austrian  experiments),  the  omission  of  the  deficient  element  from  the 
fertilizer  has  resulted  in  a  decreased  absorption  by  the  plant  of  the  remaining 
elements  contained  in  the  fertilizer  added.  Under  these  conditions  the  omis- 
sion of  the  element  from  the  fertilizer  must  result  in  a  greater  relative  defi- 
ciency of  this  element  compared  with  the  other  two  elements  and,  accordingly, 
limits  (decreases)  their  absorption  as  predicated  by  Liebig's  "law." 

Jiut  when  an  element  is  relatively  abundant,  i.e.,  when  Si  of  equation  (/) 

is  small,  or  when  ^;  is  large  [e.g.,  nitrogen  and  phosphorus  in  the  French  experi- 
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ments  (34,  36,  37,  38,  39,  40,  41,  42)  and  potassium  in  the  Austrian  experiments 

(75)1,  the  omission  of  that  clement  from  the  fertilizer  would  not  reduce    - 

of  equation  (/)  hclow  the  critical  concentration  for  that  clement,  (\uisr- 
(lucntlv.  the  omis.sion  of  an  clement  already  abundant  in  the  soil  from  a 
fertilizer  results  in  an  imrcasal  al.sorplion  l.v  the  plant  of  the  remaining  ele- 
ments added  m  the  fertilizer  rdativc  to  the  al)sorption  of  these  element,  fron. 
the  complete  tertilizer  i)lot  until  the  element  omitted  Uum  the  fertilizer  he- 
comes  a  limiting  factor,  i.e.,  until  its  concentration  is  reduced  below  the  limiting 
concentration.  The  whole  problem,  therefore,  is  one  of  relativity.  In  no  case  is 
Liebig's  law  violated. 

It  should  now  be  apparent  that  all  statements  in  the  literature  bearing  on 
the  seemmgly  contradictory  results  of  one  worker  with  those  of  another  on 
the  problem  of  the  mutual  action  of  one  element  on  the  solubility  of  another 
and  of  Its  absorption  by  plants  can  be  satisfactorily  explained  in  the  light  of 
the  foregoing  interpretation. 

The  so-ealled  "luxury''  eonsumption  of  elenuiits 
All  the  experimental  evidence  (75)  appears  to  indicate  that  the  plant   espe- 
cially in  the  early  stages  of  growth  up  to  blossoming,  absorbs  the  nutrient 
ions  in  approximately  the  same  proportion  that  these  ions  are  i)resent  in  the 
nutrient  medium.     Accordingly,  if  j^  or  (^  +^^  of  equation  (/)  is  so  great  as 

to  be  out  of  i)hysiological  balance  for  any  element,  a  "luxuskonsumption" 
(%)  will  occur.  And,  as  we  have  seen,  such  "luxury  consumi)tion"  may  result 
m  a  disturbance  to  normal  metabolism  suthcient  to  affect  growth  and  repro- 
duction (34,  30,  37,  .^^,  39,  40,  41). 

Sekera's  experiments  (4,  75)  which  give  clear  evidence  that  the  excess  of  an 
element  above  that  which  the  plant  utilizes  in  metabolism  mav  be  returned  to 
the  soil  shortly  after  blossoming  occurs  have  already  been  discussed.  Ions 
therefore,  may  be  expelled  from  the  plant  in  the  process  of  adjustment  to  more 
favorable  equilibrium  conditions.  Hoagland's  experiments  {22,  21)  would 
lead  to  the  view  that  the  mechanism  of  this  expulsion  max  be  one  of  exchange  of 
anions  or  of  cations. 

Sekera's  experiments  (75),  moreover,  show  that  within  the  limits  set  bv  the 
amount  of  water  and  solar  energy  available  the  return  of  an  element  absorbed 
in  excess  of  that  required  may  be  prevented  by  balancing  it  through  the  addi- 
tion of  the  other  two  i^rincipal  (dominant)  nutrient  elements  (ions)  thus 
enabling  the  plant  to  utilize  this  excess  (hg.  4).  These  experiments,  moreover 
are  of  additumal  interest  in  indicating  a  method  bv  means  of  which  the  required 
physiological  balance  between  nitrogen,  phosphorus,  and  potassium  mav  be 
obtained. 

Xo  "luxury-  consumption  indicated  in  the  old  fertility  plots  of  the  Pennsylvania 
State  C  ollege.     \i  is  of  interest  to  note  that  results  obtained  on  the  absorption 
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Of  nitrogen  phosphorus,  and  potassium  by  wheat  in  the  old  fertility  plots 
'rm  t  '  r'  yields  of  the  Pennsylvania  State  College  (56)  do  n^t  indi- 
cate an>  absorptK,n  of  an  element  in  excess  of  that  utilized.  A  con.parison 
ol  the  amount,  ol  thee  elements  absorbed  bv  wheat  on  plots  17  P;  L\  M 
rcveivmg  mcrc-asmg  an.ounts  of  nitrogen  as  dried  blood,  .hows  tlial  the  highest' 
m^\^r^^Uou  o,  nitrogen  (72  pounds)  has  not  rc.sulted  in  a  lack  of  balancv      The 

r;r  ""  ""''  T  ""^'  '•  ^^'''  ''''■'  •'"'"■^'  "-'"^^  ^'-  ^^-^^  vields  might  be 
further  increased  by  increasing  the  rate  of  application  of  one'or  more  of  the 
carriers  oi  the  nutritive  elements  used  in  these  plots. 


Amounts  in 


PLAT 
Nl  MUtH 


TABLE  2 

pounds  per  acre  applied  and  reanrred  in  entire  .cheat  crops,  of  nitrogen,  potash,  and 
P'^'^sphoric  acid  on  dry  basis  {after  Maclntire) 


TREATUKVT 


16 

17 
18 
19 
20 
21 
22 
24 


6  tons  manure 

(IX)PK 

8  tons  manure 

(2\)PK 

10  tons  manure 

(3X)rK 

6  tons  manure  T  CaO 

Check 


NITROCIE.V 


ruTASFI 


PIIOSI'IIORIC  ACU) 


Applini  j  Romove.i  |  Applied  '  Remove,!  ]  Apj.lie.i  i  Removed 
to^o.l    I    by  plant    ,     to  soil    I    by  plant    |     tl.'.soil     |    by  F^ant 


5<) 
24 

78 
48 
<)8 
72 


!     34 

8 

i     2'» 

3 

3<) 

1 

2 

1     37 

7 

44 

4 

45 

3 

36 

4 

18. 

4 

S2 
100 

69 
UK) 

86 
100 


37.6 
42.0 
36 . 5 
44.6 
46.0 
61.7 
34.9 
16.1 


38 
48 
51 
48 
64 
48 


18.5 
17.6 
19.8 
20.0 
22  2 
24.2 
21.6 
9  3 


Definition  of  an  optimum  fertilizer  ratio 

Physiological  balance  within  the  plant  once  obtained  mav  again  be  easily 
disturbed  by  the  addition  of  any  one  of  the  principal  nutrient  elements  to  the 
soil.  Ihe  optimum  ratio  of  the  constituents  of  a  fertilizer  may  then  be  defined  a^ 
that  ratio  which,  on  the  addition  of  any  one  of  its  nutrient  constituents -nitrofren 
phosphorus,  or  potassium  results  in  no  increased  utilization  by  the  plant  of  any 
of  the  other  elements  as  determined  by  the  time-absorption-graph  'method. 

The  extension  of  the  concept  of  ionic  balance  to  all  elements 

The  injluence  of  calcium  ions.  Vox  the  purpose  of  simplification,  the  etTect 
ot  the  reciprocal  action  of  elements  on  absorption  has  been  confined  in  the 
present  discussion  to  the  three  principal  nutrients  nitrogen,  phosphorus,  and 
potassium  because  under  the  conditions  commonly  encountered  these  three 
elements  are  the  dominant  and,  indeed,  controlling  regulatory  factors  in  plant 
metabolism  (71),  the  functions  of  which  cannot  be  replaced  by  any  other 
element.  Nevertheless,  in  practice  it  is  necessary  to  take  cognizance  of  the 
effect  of  other  elements  and  especially  of  calcium  when  applications  of  lime 
are  made  regularly.     The  effect  of  calcium  oxide  (or  carbonate)  on  the  solubility 
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of  soil  nitrogen,  phosphorus,  and  potassium  will  depend  upon  the  physical  and 
chemical,  state  in  which  they  are  present.  On  the  old  fertility  plots  of  the 
Pennsylvania  State  College  CaO  and  CaCO,,  have  resulted  in  depressing  the 

solnhility  of  soil  i>otassium  (i,  ^).  Moreover,  this  (lei)r(ssion  in  soliibilitv  is 
associated,  as  would  l.c  anticii)ate(i,  with  a  decreased  absorption  of  potassium 
i)y  the  plant  (56). 

TITK    MiCllAMSM   OF   THE    KKCI PROCAL   ACTION    OF    lONS    IN    IHIIR    Rl.l.ATION     Jo 

ABSORPTION 

The  nature  of  the  functioning  mechanism  has  not  as  yet  been  elucidated- 

The  amount  of  an  ion  absorbed  in  unit  time  is  expressed  bv  the  fraction  - 
c  '  '  sr 

of  equation  (£),  i.e.,  by  the  product  of  the  solubility  and  osmotic  value  of  the 
respective  ions.  It  is  dependent,  therefore,  upon  the  structure,  chemical 
composition,  and  pore  space  of  the  root-absorbing  surfaces  on  the  one  hand, 
and  upon  the  degree  of  hydration,  atomic  volume,  and  the  magnitude  of  the 
dissociation  constant  of  the  ions,  on  the  other  (17,  24,  57,  58,  59,  81,  82). 

The  relation  of  dissociation  constants  to  antagonism 

The  sigmficance  of  this  latter  influence  is  indicated  by  the  experiments  of 
Maume  (57,  58,  59)  on  ion  antagonism.  In  the  case  of  binary  electrolytes 
antagonism  is  related  to  the  conductivity  of  the  salts  after  mixture.  The 
antagonistic  effect  is  greatest  at  that  particular  concentration  of  ions  repre- 
sented by  the  intersection  of  the  dissociation  curves  of  each  salt  separately 
determined  at  dilutions  corresponding  to  the  proportions  at  which  each  salt  is 
present  in  the  mixture  and  which  is  indicated  on  the  abscissa  SS'  (fig.  5). 
Thus,  in  the  case  of  NaCl  and  CaCl2,  of  all  possible  proportions  of  0.12  Mol 
XaCl  (soln.  5)  and  0.164  Mol.  CaCls  (soln.  S,)  the  least  toxic  mixture  is  at  the 
pomt  .1  of  intersection  of  the  dissociation  curves  represented  bv  a  mixture  of 
5  cc.  CaCla  +  95  cc.  NaCl. 

Antagonism  is  positive.  In  the  case  of  binary  mixtures  of  alkali  and  alka- 
hne  earth  salts  having  a  common  anion  the  maximum  antagonism  occurs  when 
the  quantity  of  each  salt  is  such  that  if  separately  dissolved  in  the  same  volume 
of  water  as  that  of  the  mixture  this  would  give  the  same  coefficient  of  ionization. 
This  is  indicated  by  the  point  represented  by  the  intersection  of  the  curves  in 
figure  5.  In  this  case  the  common  anions  will  be  at  different  concentrations. 
For  example  the  molar  concentration  for  XaCl,  CaClj,  Ca(X03)2,  and  XaX03 
havmg  the  same  conductivity  are  0.12,  0.22,  0.086,  and  0.029,  respectively. 

Antagonism  is  nil.-The  antagonism  is  ;;//  when,  as  in  the  case  of  the  chlo- 
rides of  the  monovalent  ions  Xa^  K+  and  XH^^ ,  for  example,  the  dissociation 
constant  of  the  mixture  is  approximately  unaltered.  This  holds  when  salts 
having  a  common  ion  have,  at  equal  molar  concentrations,  the  same  value  for 
the  dissociation  constant. 
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Antagonism  is  7iegative. —The  antagonism  is  negative  when,  as  the  result  of 
double  decomposition,  the  degree  of  dissociation  is  increased  by  the  formation 
of  different  kinds  of  molecules  and  ions.     Thus: 


AH   f  CI)  =  \\]  4-  (1)   I  AD  4^  (I)   1^  A-   I-  Pr  4-  cr  -f  D 

Causal  factors  as  vd  undrtcrmiuvd 


U) 


These  exj^eriments  of  Maiimc  arc  of  iiUcrc>t  in  pointin-  the  uav  to  an  ex- 
planation of  the  mechanism  of  antagonism  between  ions  of  the  same  electro- 
static charge.     Xevertheless,  because  of  the  present  transition  stage  of  our 


0  95./ 


=  1 


0-83    fi,a 


Vic.  5.  RiLATioN  oi  Tin:  Lk\(;tii  oi  thi;  R(k.ts  ok  WiiKAT  Skkdlixgs  C;ro\ving  in  Solu- 
tions OF  0.12  MoL.  XaCl  (Solition  S^  and  of  0.164  Mol.  CaCU  (Solution  S,)  in  the 
Proportions  Indicatki)  to  thi:  Dissociation  Ccrvks  of  the  Separate  Salts  Deter- 
mined AT  Dilutions  Corresponding  to  the  Proportions  at  Which  Each  Salt  is 
Present  in  the  Mixture 

knowledge  concerning  the  dissociation  of  strong  electrolytes,  it  would  appear 
that  the  dissociation  constant  is  only  a  measure  of  a  causal  factor  that  is  as  yet 
obscure.  The  influence  of  the  motility  of  ions  in  relation  to  dissociation  must 
be  considered  in  determining  the  actual  causal  factors  operative. 

THE  INFLUENCE  OF  OTHER  FACTORS  IN  PRODUCING  SELECTIVE  ABSORPTION 

BY  PLANTS 

The  absorption  of  the  so-called  physiologically  acid  and  alkali  salts 

The  relation  of  hydrogen-ion  concentration  to  the  absorption  of  the  principal 
nutrient  elements  is  gradually  being  elucidated  by  the  application  of  the  rapidly 
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accumulating  facts  of  jAysical  chemistry.  By  such  means  it  is  possible  not 
only  to  expla„>  but  also  to  predict  the  physiological  effects  of  applications  of 
salts  such  as  soclnim  nUrate  and  ammonium  sulfate. 

The  rate  of  absorption  of  ions  umlcr  the  con.litions  „f  l,x  .Irogcn  i„„  ,,.n.  en 
tration  exisleni   u,  normal  ..oils  (pH  ,x.^     -   :.(),  r„|I.„,,  ,|,„,  K,,,,,,,.;,  ,,,,-i,,,  „,■ 
IIolnu.,.tcr  (.^0),  viz.,  lor  calions  the  series,  m  dese.,,,!;,,,  onkr  of  ,.,.,|„li,^ 


]S 


H  >  K  >   \a  >  Li  >   Mrr  >  p,;i  >  sr  >  Ca 


and    lor   -dniuw:.   Oil 


m.,'^i?'n/''f  '"'"'•'■'?     ''"■     ''"'    '"■'     >'-«'-?-!'-     concenlra,i,ins 
aiile  (17)       ^^""-'""'""""''^    ""P-^  ^''^  "-■"'-•'  i^  '^regular  an.l  non-predict- 

Tm:  cjfcciof  the  l,ydroga,-i„n  conccnlration  of  the  sub.traU.     \  reciprocal 
acfon  resulting  m  "selective"  absorption  may  take  place  between  a  cation  and 
an  anion  not  only  in  the  presence  of  a  non-diffusible  ion  (11    12    H   14)  but 
also  when  no  non-diffusible  ions  are  present.     If  the  substrate  is  slightly  acid 
neutral,  or  alkaline,  the  membrane  (roots)  will,  as  a  result  of  the  absorption 

0  OH-   tons,  become  negatively  charged.     The  electrostatic  attraction  re- 
u king  from  th.s  potential  difference  will  result   in  a  more  rapid  absorption 

fosmosts)  of  cations  than  of  anions  (28).     Under  these  conditions  the  c  tion 
^  domtnant      But,  on  the  other  hand,  in  an  acid  medium  (especiallv  pro- 
nounced be  ow  certain  crittcal  values  ana  [.H  ,r,^),  the  membrane  (reots) 
as  a  result  of  greater  ab.sorption  of  H-  ions,  becomes  positivelv  charged  and  the 

1  n      T  ?r""V'''"^  '""  ""^  ""'^"""^'  ^"f""™-  "--  anions 

io,^  n^m"    Th        "i  ?"•'"'  ^''^-     ^■"""  ""^^''  ^■""'''""-  'he  anion  is 

dominant.     The  results  ol  the  investigations  of  Hoagland  {U,  26)   of  liulke- 

wi  sch  (,,,  6)  and  of  Hager  and  StoI.enwerk  (17)  on  the  absorpt  on    f  i  n    f  .  m 

so  uttons  of  XaXOa,  Ca(X03)„  XH,OH,  (XH,).SO..,  and   XH.,XO,  ml  T 

olknd  at.„llby  changing  the  concenlralwn  of  the  hvdro^en-io„.     The  process 
may  be  Visualized  as  follows:  '  '■=  process 


I)K(,KrE  OF  AflDITY 


Slightly  acid,  neutral  or  alkaline 


rH.\R(,E  ON 

Roor.s 


N.\LT  .\PPLJED 


Distinctly  acid,  pH  5.5  and  below 


+ 


Xa^  >X(), 
SO4   ->XH4 

X()r>\a" 


v^ere  underlining  in.licates  the  ion  preferentially  al,sorbe,l,  and  >  indicates 
tnt  rate  of  absorption  is  greater  than. 

The  fact  that  in  alkaline,  neutral,  or  slightly  acid  media  cations  exert  the 
dominantinnuence  in  absorption,  and  conversely  that  in  acid  media  the  an- 
ions are  the  dominant  factor  exi,lains  the  superiority  of  ammonium  sulfate 
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over  sodium  nitrate  under  the  former  conditions  and  of  sodium  nitrate  over 
arnmonium  sulfate  under  the  latter.     The  physiological  elTect  of  ammonium 
salts  will  accordingly  become  relatively  weaker  as  the  ]r-i.,n  concentration 
'':'''''"^  '''^'''''''  ^^^^'  physiological  ciTcct  of  M.iium  nitraie.  on  the  other  hand 
will  be  weaker  as  the  H'-ion  concentration  of  the  soil  <Lrnusrs. 

7  Iir  niflitnn-r  of  ninubraur  hxdrohsis  on  the  Sr/nlnr'  ahsorf>hou  of  ions-  It 
rAU  be  ,^ht)wn  Iruin  thermodynamic  principles  thai  an  ion  cannot  permeaP-  the 
cell  membrane  without  an  op])ositively  charged  ion  (17).  If  a  dialvzable 
elcTtrolyte  is  present  on  one  side  of  a  semi-permeable  membrane  and  on  the 
other  pure  water,  a  hydrolytic  decomposition  of  the  salt  occurs.  Usin^  Xa+ 
as  tne  cation  and  NO,r  the  anion  the  process  may  be  illustrated  thus-        ^ 


Xa+ 

NO3- 

11+ 

01 1- 


Xa^ 


OH- 


iXO,- 
H+ 


I  he  median  will,  therefore,  tend  to  become  alkaline  because  of  the  much  slower 
rate  of  penetration  of  Xa^  compared  with  X0,3- .  Na-  is  much  more  strongly 
hydrated  than  XO..-.  On  the  other  hand,  if  (XH.),SO.,  is  used  the  medium 
will  tend  to  become  acid  because  of  the  much  greater  rate  of  penetration  of 
XH,+  compared  with  S04^  SOr  is  more  strongly  hydrated  than  XH.+ 
Ihus: 


XH/ 

sor 

OH- 


SO4- 


XI 1/ 


OIP 


This  hydrolytic  action  due  to  the  presence  of  the  membrane  is  promoted  in 
accordance  with  the  (Jibbs-Donnan  law  by  the  difficultly  permeable  Xa+  ions 
in  the  one  case  and  the  SO,    ions  in  the  other. 

These  interi)retations  are  supported  by  the  results  of  numerous  experiments 
For  example,  Prianishnikov  (70)  found  that  sugar  beet  and  maize  grown  in 
sand  cultures,  with  frequent  renewal  of  the  culture  solutions  so  as  to  maintain 
practically  constant  reactions,  gave  much  better  results  with  ammonium  salts 
than  with  nitrate  salts  at  pH  7.0  but  much  poorer  results  with  ammonium 
salts  than  with  nitrate  salts  at  pH  5.5.     And  Hager  and  Stollenwerk  (17)  found 


\ 
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that  the  ratio  of  nitrogen  to  sulfate  (~^  absorbed  from  ammonium  sulfate 
by  rye,  oats,  wheat,  and  barley  ranged  from  3.06: 1  for  rve  to  S  4- 1  for  o'lts 

On  the  old  fertility  plots  of  the  Pennsylvania  State  Collc^^e  the  response  from 
ammonium  sultate  was  better  tlum  from  sodium  mirate  durin^,^  the  lu-.i  <iera(le 
init  afterwards,  as  the  hydrogen-ion  concentration  of  the  soil  of  the  ammo- 
nium suliate  plots  increased,  the  response  from  sodium  nitrau^  wa>  nmch  belter 
tlKin  Worn  ammonium  sulfate.  The  pif  range  uf  the  ammciium  sulfate  olots 
IS  at  present  (tier  I)  4.18-4.50  ami  of  the  sodium  nitrate  ])lots  S  Sl-S  71       ^ 


ABSORPTION   OF   N,    P,   AND   K   BY   PLANTS 


17 


a) 

(2) 
(3) 

(4) 
(5) 


REFERENX'ES 

Bakhuvzen,  H.  I    VAX  DK  Sandk.     1930.     The  internal  causes  of  growth  and  dilferen- 
tia^t^^n  in  plants.     Contril.  to  Mar.  Biol.,  Stanford  Univ.  Press,  Sept.  1,  1930,  pp. 

Brown,  B.  E.    ako  MacIntikk,  VV.  U.     1911.     The  relation  of  certain  water-sok.ble 

soil  constituents  in  plants  l(>-24.     Pnma.  State  Col.  Ann.  Rpt   1910-11-  102- IH 
Brown,  B.  E.,  ano  MacIntirk,  W.  H.     1911.     An  investigation  of  the  causes  of  varia^ 

tion  in  soil  fertihty  as  aflected  l,y  long  continued  use  of  difTerent  fertilizers 

remw.  State  Col.  Ann.  Rpt.  1910-11-  113-129 
BURD,  John  S.     1919.     Rate  of  absorption  of  soil  constituents  at  successive  Mages  of 

plant  growth.     Jour.  Agr.  Res.  18:  51-72 
BuTKEUiTscii,  Wl.  S.,  axi>  Bctkewitsch,  W.  W.     1925.     Zur  Erage  nach  der  Rolle 


des 


'Donnaschen    Membrangleichgewichts"    bci    osmotischen    Vor 


;angen    im 


(6) 

(7) 
(«) 
{')) 

(10) 

(H) 

(12) 
(13) 

(14) 

(15) 

(16) 


lebenden  Zellen.     Biochcm.  Ztschr.  161-  468-487 
BuTKKwmc,,,  W.  W      1929.    Zur  l-raRc  uber  den  Mcchanisn,us  der  XahrstolTauf- 

nahme  durch  die  Pflanze.     Landu^.  Jahrb  69-   S21-541 
CLEMENTS,  Harry  E.     1928.     Plant  nutrition  studies  m  relation  to  the  triangular 

system  of  water  cultures.     P/(i«/ /^//y^/W.  3:  441-458 
Cooper,  II.  P      1930.     Ash  constituents  of  pasture  grasses,  their  standard  electrode 

potentials  and  ecological  significance.     Plant  Physiol  5-  193-214 
Cooper,  H.  P.    Wilson,  J.  K.,  am,  Barrox,  J.  n.     1929.     Ecological  factors  <leter- 

nnning  the  pasture  llora  in  the  northeastern  United  States.     Jour.    Imrr    Soc 

Agron.  21 :  607-627. 

Davis,  M.  B.  1930.  Some  eiTects  of  delicienc  irs  of  nitrogen,  potassium.  cakiLim  and 
magnesium  with  special  reference  to  the  behavior  of  certain  varietir.  of  apple 
trees.     Jour.  Pomol.  and  Ilort.  Sci.  i>:  ^\(y?,AA. 

DONNAN,  E.  (;.     1911.     Theorie  der  Membrangleichgewichte  und  Membranpotentiale 
bei   \  orhandensein  von  nicht  Oialysierenden    Electrolyten.     Ein    Beitrage   zur 
physikahsch-chemischen  Physiologic.     Ztschr.  Elcktrochem.  17;  572  581 
)()XXAN,  1-.  (..     1925.     The  theory  of  membrane  eciuilibria.     Chtm.Rci     1     7  M^O 

I)(^xxAX,  r  .i\  1926.  Concerning  the  applicability  of  thermodynamic  s  to  the  phenom- 
ena of  life,     /fl/^r.  GfM.  P//v,v7W.  8:  685  688. 

DcxNAN,  F.  (;.  1929.  Resume  of  investigations  on  membrane  equilibria  and  mem- 
l)rane  potentials.     Bui.  Natl.  Res.  Council  69:  51-55 

EcKsT,  ,x,  ()    Axn  J..r:oB,  A.     1929.     Der  Kali-Eisen-Antagonismus  in  der  Pllanze  als 
(.rundlage  einer  Methodc  zur  Eestellung  des  Kalibedurfnisses  der  Boden      Ztschr 
1  flanzcnerndhr.  u.  DUngung  14A:  205  220. 

GiLE.  p.  E.,  AN,,  Smith,  J.  (;.     1925.     Colloidal  silica  and  the  efficiency  of  phosphates 


(17) 


(IS, 
(19) 
f20) 
(21) 


/TIN 

(23) 


(24) 
(25) 
(26) 
(27) 

(28) 
(29) 
(30) 


(31) 
(32) 

(34) 

(36) 
(37) 
(38) 
(39) 


If 


Hi 


Hager,  C..   AND  Stollenwerk  W      I9^n      T„  „   I  u       n*- 

saize  den  Boden  durch  d^bevorLte   I  f    7      T ':™"™ '"  •''"■"""'^^- 
VerMeich  /um   -\ni„n  v         "evorzugte   .\ufnahme   des   Ammoniumkations  im 

HOAOL.X.,,  D  R  191,,.  R,,,^i„„  „f  ^^^  concentration  and  reaction  of  tl,e  nutrient 
_^  medmm  to  tl,e  growtl,  and  absorption  of  the  plant.  J„„r  ..  I  p!!  7.  ""'"?:' 
hZ:::;'dr-     ^     ^he  absorption  of  ions  by  plant.     SoU  S^L^:  nS^U^ ' 

"°^"r>w  24"99:,fr^"''"^ """™'"« '''  ^'-^'-" "'  ■">-  ^y  p'-ts. 

Hoagla™    D    R.     1930.     The  accumulation  of  mineral  elements  by  plant  cells 
Ho.o.:r  D   R       ■  ""n  •  "^t''  '■"'^-  ''-'■  ^^•'>'-  '•  "'^"'  PP-  '^1  144'      '  ""^- 

nUAOL.^ND,   U.    K.,   .AXU   DAVm      A      P         lOTJ        T^u  •    . 

,  ,  .A.No  uAMs,  A.  K.     1923.     The  composition  of  the  cell  sao  of  thp 

HOAGLAND,  D.  R.,  AND  Mart.n-,  J.  c.     1923.     The  effect  of  salts  on  the  intake  of  in 
T^h" 'pipers""  """  ""  ""■■  '"'"  '''"=-  °'  '"^  P'-'-     Calif.  Agr.  Exp   s;; 

"'""^r  LeS    '''"''''''''  "'™"  ""  ^'"^  """  ""  ^^-^be,  ed.  5,  p.  367  et 

HOKFER,  G.  N.     1926.    Testing  corn  stalks  chemically  to  aid  in  determining  their  plant 

food  needs.     Purdue  Agr.  Exp.  Sta.  Bui  298  "^ 

HOFMEISTER,  F.     1888-1891.    Zur  Lehre  von  der  Wirkung  der  Sake       ),.;,     r  . 

r2;;:2^3t-r;'- " "'""  ''''''■  ''■ '-  <■-)---(.-?; 

JOHKSTON   E.^RE  S.     1924.     Growth  of  potato  plants  in  sand  cultures  treated  with  the 

MX  types    of  nutrient  solutions.     Md.  .Agr.  Exp.  Sta.  liul  270 
1  u^'x:     h'"i92.  "'^'•■7"".""R<'"'^""«"bedarfsdes  Bo,lens.     Paul  Parey,  Berlin. 
LAG.XT   ,  H.     1921.     Sur  le  role  respectif  des  trois  bases:  potasse,  chaux,  magnesie 

I  act^  H  "itri'  r'"-  ^'""^'-  ""^^  ■'''■'■  '"■  <''-"'  1":  129-131. '  ■ 

I.AC.ATL,  H      1922.     Sur  L  expression  mathemati,,ue  de  I'influcnce  des  elements  ferti- 
hsants  on  apportes  dans  le  sol.     Con,mun.  au  Co,„^  Assoc,  fra,.,.  pour  /la" 
to  ic/.Montpellier,JuilIet,  1922,  pp.  22-31  r  i  .nanc. 

LAOATf,  n.  ANO  Mavmk  L.     1924.     evolution  remarquablement  regulicre  de  certains 
apports  phys,olog,.,ues  (chaux,  magnesie,  potasse)  dans  les  feuilles  de  la  vigne 
bien  ahmentC-e.     Compl.  Rend.  Acad.  Sci.  (Paris)  179-  782-785 

1  mtluence  des  engrais  de  chaux,  de  magnesie  ct  de  potasse  sur  la  vigne     Compl 
Kend.  Acid.  Sci.  (Paris)  IT):  9M-')H  ^ 

LAGATt  ,  H    AN„  ALu:mk,  L.     1925.     Relation  li„6aire  entre  les  quantites  successives 
d  acide  phosphoruiue  et  d'azote  danslafemillede la  vigne  bien  alimentee.    Comp, 
Rend.  Acad.  .Sci.  (Paris)  180:  1179-1181  '-"npi. 

LAGATf,  H.,  AN,,  MAfMK,  L.     1927.     Controlle  chimique  du  mode  d'alimen.ation  de  la 
V  gne  par  les  engra.s.     Extr,  des  Comp,.  Rend.  Acad.  Agri.  Prance,  Avr.  (^Mai  U, 
ivz/ ,  pp.   1-/4.  » 


SOIL  S(  lENCE.   VOL.    XXXIII,   NO.    1 


18 


WAI.TER    THOMAS 


(40)  LAGAxr,  H.,  AXi.  Maumf,,  L.  1927.  Sur  Ic  controle  chimi(,uc  du  mode  d'alimcntation 
de  la  vi-nc  par  les  cn<;rais.  Commnn.  an  Cong,  dcs  En^rais  A.^^tes  dc  Synthhc 
a  Monlpclher,  Juin  1,  1927,  pp.  1-15. 

^^^^  ^^''''^'r^^-  ^^'^  ^^^'•^^'  •  J^-      l'^-^^-     J--  <iia^  nostie  foliaire  appli.n.^  an  roMtn,'.  <]. 
1  auaicnlation  .i'u,u>  vi:..  M.  .  n.^au  av.r  mm   ...n.  Uv^v^r, .       Extr.    des    Cwr  ^/ 
Kend.Acad-  A  a-.  I  i,:k,    .}\n\\  IS.  l<'2s.p|,.  i    k\ 

^^~     ■■^^■^''  ^'  •    :^''  ^'^'  ^'^  •  '-     ''■'-^^-      AMtauoni.nJ  ilu  ralcaiu-  d.  !\.^ar<i  -i.  raiK,.,, 
'<'!^  'K'  la  p.Mu-M'  par  la  vi-n,-.      CVm;;/.v;/.  laiic  Ic  2.'    fuin,   I'ljs  ;,    l;,-r.!r'u'x  oii 
Cong.  Intern,  du  Vin  ,  (  d  >  I'^n  ,1/  uiCi):,  .  pp    1    i  2 
(43)   I.,  mm;,km^^-..n,().      V>y..      l;rr,,.r;.un;.c:,z,MKTvor^trhr,,drn,\rln.t  x  o,^   [>.  i)u.]:oi, 
J>-itra,^  /ur    l'.r..!anin-  dcT  crtragsleigcrndcn    Wirkun-  der  kolloidalcn   Kicsd- 
saure    h.i    un/Aireichcnder    Pliosphorsaurcdungung   in    Sandkulturen."     /tschr 
I  Hanzmcrndhr.  u.  Diingung  A\:  3'?6-3S0 
^■U;  Lkmmkkmaxx,  U.,  Wikssmaxn,  II.,   am>  Sammkt,   K.      1925.     Untersuchungen  uber 
die  L  rsache  der  ertragssteigernden  Wirkung  der  Kieselsaure.     Ztsclir   Pflan-cner- 
nahr.  u.  Dungnng.  4A:  265-315. 
(45)   LiK„,o,Jr>Trs.     1863.     Leslois  naturelles  de  I'.Vgriculture.  ed.  2,  Chap    ^      Pari. 
146)  I.iLBsrnKK.    (i.      1895.     Untersuchungen    uber   die    I^estimmung    des    Dungerlu^durf- 

nissesder  Ackerb6deniind  Kukurptlanzen.     Jour  Land-c  43-  49-^6 
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Since  llic  I'ractionnlion  of  \\li;it  was  foi  iiicrly  known  as  vitamin  1. 
is  of  coiiiparativcly  i-cccnt  date,  little  information   is  availal)l<'  I'co'ardiiiL 
tlic  (listribntion  of  vitamins  \\  and  (J,  wiiich  aic  iviiown   in   lii-itish  tei 
minolojxy  as  vitamin   15,  and  vitamin   W  .,,  i-csix-ct  ivcly.    The  tci-iii  "vit;i 
min   r>  complex"  'vill  he  nscd.  tlid'cfotv.  when   it    is  im|)os,il)!c  to  refer  t' 
1  iic   indi\idnal  cdMiponenls.    j ',  jitid  ( i. 

!'"'■    i-('II\Ctl!f'llcr    (if    (Il-vrl|s>i,!l|     iIm'    sllhjcri     (.f    lliK    lllllicliM     1 ->    divjdi,; 

iiii"  '^vn  iii.iiii  i()[)icN.  \  i/,.  I  1  Factors  Influencing  the  Natural  or  Nor- 
mal Vitamin  Content  of  Fresh  Foods,  and  ( i!  i  The  Influence  of  Food 
Treatment  on  Vitamin  Potency. 

1.      FACTORS  INFLUENCING  THE   NATURAL   OR  NORMAL 

VITAMIN  CONTENT  OF  FOODS 

V\  iiiie  liiere  are  exceptions  to  the  ocnei'al  rnh'  that  vitamin  .sxntlie.sis 
is  a  property  peenliar  to  plaid.s  and  that  animals  merely  possess  the 
power  of  vitamin  storage,  it  will  he  convenient  to  disen.ss  oni-  natur;il 
l'oo<Is  under  two  ^cnej-al  headiniis.  \i/..  (a)  Foods  of  Plant  ()i-i,Liin.  and 
( li  I    l^'oods  of  Animal   ( )i'i,L:in. 

(a)      Foods  of  Plant  Origin 

Lack    (d'    space    prexcnts    detailed     i-efei-enee    to    the    literature    con 
eerninii-  \itamin   distribution    in    plaids,  other  than   to  state  that   air-dry 
seeds  and  cereals  as  a  ^roiip  are  deficient    in   vitamins  A.  (*  and    I).     Me 
('olliim.    Simmonds   and    Pitz    (li     ha\'e    pointed    out    certain    exceptions 
1(f  this  i^ciicral  statement,   vi/..  that   tlax  and   millet    seeds  contain   apprc 
ciahle  amounts  of  \itamin    A.     Sure     iN    has   made  similar  ol)ser\atioii-> 
on  the  (ieornia  \-el\'et  hean  and  Steenhock    ( ;{ i    was  the  first   to  emphasi/c 
the  \aliie  of  yellow   corn  as  a  source  of  \itamin   A. 

The  \aliie  of  cereals.  ho\\c\-er.  as  a  source  of  the  \itamin  15  complex 
has  Iteeii  recoL^iii/eil  for  many  yeai's.  Fijkman  '4)  wa.s  the  first  le 
I'oiiit  out  that  whole  rice  was  curative  in  experimental  l)eril)"ri.  while 
the  di.s<'ase  could  he  produced  at  will  with  polished  rice.  Sii!)se(pient 
ohservat  ions  showed  that  \('Vy  few  cases  of  herilxu'i  could  he  found  in 
communities  where  i-ed  or  hrown  ric<'  was  a  staple  artiide  of  diet,  wliih 
milled  or  white  rice  tended  to  cause  an  increase  in  the  niimher  of  j)eo| 
aftiicted  with  this  disease. 


BnlUtin    .^7 /)-~F(tc(<>is  J n (I ik  nciiKf    I'itdntin   Coiilt  tit 


)|e 


("omparison  of  .seed  structures  i  .">  i  has  shown  that  the  15  complex 
is  lar;^('ly  residnal  in  the  emhryo  or  L:erm  whi(di  explains  tin-  ohvioii. 
vilamin  deficiency  of  hiLildy  holled  milled  cereals.  When  seeds  ;ir' 
allowed  l(>  Lierminate  in  the  dark,  \ilamin  ('  is  increased  li  i  hut  tlh 
•  iiiKMint  of  \itamin  A  is  iiof  increased  a|)preciahly  (Ji.  If  the  sproiitiiij 
ol  >-('eds  (M'ciirs  in  the  liulit  with  the  .suhsecpieiit  formation  of  pinniei;^ 
in  the  norma!  seedliipj.  it   is  found  that   \ilamin  A   potency  has  inci(a-e!t. 

Asa  resnlt  of  such  sindies  it  has  heen  thoiiLiht  that  vitamin  synfli' 
sis  is  <M)rrelated  with  the  metaholic  processes  of  the  plant.  Tlii.s  theoi 
has  received  support   from  the  fact  that   tlu'  leaf,   whieli   is  tlie  most  a^ - 


tix'ely  metah<)Iizin<.i'  tissue  in  the  plant,  is  invai-iably  rieher  in  vitamins 
A,  i>,  (\  1)  and  (i  tliau  any  other  plant  tissue.  When  the  plant  matures, 
however,  and  seeds  are  foi'med,  the  \itamiu  1>  eomplex  is  stored  in  tlie 
seed. 

A  few  scattered  attempts  have  been  made  to  study  the  effect  (d"  U'\'- 
tili/er  tre;ifmeiit  on  the  vitamin  conteiif  of  the  seed.  ivowiands  jind 
Wdkiiison  (Si  showed  ili;it  tirass  seeds,  'jrown  >'>ti  soii.s  t'erldi/eij  with 
tiii'iii  manure,  w  efe  .sii  perior  in  their  content  of  the  \iliniiin  I  *>  comph'X 
i(»  seeds  Lii'own  on  soii.s  ti'eiited  with  .•irtificial  fertilizer,  whieii  confirms 
ihe  liiidiniis  of  .\Ic(  ";i  rrison  (Hi.  Hunt  (lOi  could  find  no  difference 
ii.'!\\e*'ti  sprini:  ;iiid  winter  wheals.  After  four  years  of  experimeiitii- 
tioii  lie  obtained  some  e\id«'nce  t<>  show  that  a  phosphatic  fertilizer 
seemed   to   increa.se  the   15  complex  content  of   wheat.      Siuct^  phosj)liorus 

is  known   to  stimulate  the  effieienc\    of  seed   formation   in   plants.  Hunt's 

.,    I .,    ; ^      1        1 

(•win    Mt.^l«Ml,->     ((ppVcIl       M>      \  )y     .SOilllU. 

Dye  and  Crist  (11)  working-  with  lettuee,  grown  in  soils  fertilized 
with  sheep  manure  and  combinations  of  ])otassium  nitrate,  mono-cahdum 
jthos])hate  and  potassium  (diloride,  ol)tained  evidence  that  synthesis  of 
vitamin  A  in  the  leaf  of  the  Udtuce  ])lant  was  related  to  the  size  and 
<_:reenness  of  the  |)lant  and  that  the  addition  of  sheep  manure  alone 
caused  some  increase  of  vitamin  A,  while  the  addition  of  a  com|)lete 
inoi'ganic  fertilizei-  pi-oduced  I'esnlts  superior  to  those  obtained  with 
sheep  manure.  These  inv<'stigators  call  attention  to  the  fact  that  a 
(h'finite  cori'(dation  exists  between  cliloro{)hyll  deposition  (greenness) 
and  \  itamin  A  content. 

iu'fereiice  ha.s  been  made  to  Steenhock  "s  early  observations  >  :\ ) 
which  were  aihaiiced  to  siipijort  the  hypothesis  that  vitaiidn  A  is  either 
identical  with,  carotin  or  xcry  closely  assocdated  with  the  carotinoid 
pigmeids.  His  work  and  the  work  of  others  showed  that  carotinoid  piu- 
ments  and  vitamin  A  potency  seemed  to  go  hand  in  hand.  Palmer  and 
co-w()!*kei-s  (  PJ  >  and  other.s  showed,  however,  that  there  were  <'Xceptions 
to  this  general  rule  and  that  it  was  (dear  that  these  substances  were  not 
identical   and    thai    their  asso(dation   was   probably    fortuitous. 

KN'cent  work  by  I^der  (  1  ."5 . .  Moore  il4i,  ('apper  (IT))  and  Diaim- 
moud  and  cow(U'kers  1(1  i  furnished  a  satisfactcuy  explanation  f(u-  the 
dixerse  interj)retat  ion.s  of  Sleenbo(d<  and  Palmer.  Heceiit  invest  ii:at  ions 
show  that  pure  crystallized  cai'otin  j»ossesses  piopeidies  (diaract<'rist  ic 
of  vitamin  A.  when  W'd  to  experimental  animals.  Light  absoi-|)tion 
spectra  of  purified  carotin  and  of  pigment-free  preparat  ion.s  of  vitamin 
A.  differ  markedly.  It  would  a|)pear,  theiefore.  that  carotin  and  vita- 
min   A   are  not    ideiit  ical. 

Livei'  oils  of  \itamin  A-deficieiit  animals  do  nof  show  .specfi'al  lines 
(diaractei'ist  ic  of  \itamin  A.  When,  however,  animals  lia\e  been  fe(i 
siifVudent  i'ecrystalliz<Ml  carotin  to  brin<_i-  about  the  tspical  physiological 
response,  the  li\er  oils  .show  spectral  lines  which  are  (diaracteri.st ic  (d' 
\itamin  A.  These  data  lend  supp(»rt  to  the  hypothesis  that  carotin  is 
the  parent  suh.stance  or  j)recursor  of  this  \itamin. 
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llie  hyiK.tlK^is  tliat  tlie  liver  is  flic  seat  of  traiisfonnatioii  of  carot, 
to  vitamin  A  has  been  confirniod  bv  Oleott  and  .AlcC^ann  (17)  TIios 
workoi's  weiv  able  to  .show  tliat  ])nrifie(l  carotin  mav  be  elianovd  to  vitj 
nun  A  outside  tlie  animal  body  thron-h  the  intluenee  of  liver  extraef 
Sine<^  the  liver  extract.s  do  not  possess  vitamin  A  sviithesizin<.-  powet 
ntter  they  have  Ixhmi  heated,  th.'se  authors  have  advanced  tlie  li\"p,,thesi. 
f'l.-d  the  iiv.'r  ow.'.s  lis  synlhetic  p.,xver  to  an  en/ynie  wliieli  llicv  have 
n<-i  iiic(  1   cd roh  inisp. 

It  Ks  prohablr  that  w.'  shall  lind  that  soni.'  of  on  i-  ^n^-al  h'd  "  ■  \  iiam  ii, 
A  rich""  foods  ar*'  ivaMy  (piitc  (h'liciont  in  this  vitamin,  ^u-v  .se.  hui  Hiai 
""'^''  t'<""!^  <iiv  roallx-  I'irh  in  thr  parent  snb-tancc.  rarolm,  frnm  nnlri- 
''"'"'1  ''lid  elmica'  slandpoints  this  I;ic1  need  not  eansc  coiuM-rn.  so  Jon- 
as the  i"at-soliil)le  factor  is  rendered  available   for  the  animal  oroanisiiL 

_  Toward  (IS)  showed  that  vitamin  A  synthesis  in  plants  is  associated 
^^j\n  iipoenroiiie  tormation  and  that  li-ht  is  iHH'essarv  for  the  i)ro(luctioii 

this  vitamin.  Widmark  (19)  submits  evidence  In  show  that  plants 
lose  their  ability   to  syntliesi/e  vitamin    A   when    thev    lose   tluMr   power 


ot   this  Vitamin.     Widmark    (19)   submits  evidence  'to  show  that    plants 

lose  their  ability   to  syntliesi/e  vitamin    A   when    thev    lose   tluMr   powe 

to  lorm  ehh)roi)hyll  and  lii)0ehrome  piuineiits.     This  hvpothesis   is  .sup 
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ported   by  the  fact  that  -reen   leaves  of    lettuce    and  'of    cabba-e    an 
sup<'rior  111  vitamin   A  content  to  the  |)i<!inent-free  inner  leav(>s.  " 

We  have  found,  in  our  own  lal)oratorv.  that  chlorotic  .spinach 
(ii-rown  on  maii-ane.se-detieient  soil)  contains  much  less  vitamin  A  j.o- 
teney  than  spinach  which  lias  a  normal  deposition  of  chlorophvll  The 
AV'ork  of  IIes.s  and  Unoer  (20)  and  of  Osboi-ne  and  Mendel  (1>1  i  "indicates 
that  the  vitamin  content  of  carrots  and  of  alfalfa  is  at  its  maximum 
<lurin<r  the  early  sta-vs  of  -rowth.  when  the  metabolic  processes  are 
m<»st   active. 

It  would  ap{)ear  that    the   IuImus  and    tleshv   roots  such    as   the   cai' 
rot,  beet,  ])otato  and  parsnip  are  analo-oiis  to  the  seed,  i.  e     thev  serxe 
ar«iely  as  stora^^'  or«rans  for  tln^  vitamins  which  are  svnthesi/ed"  in  tl 
h'at.     Such  foods  ar<'  usually  «:(.od  sources  of  tlie  vitamin  \\  comph'x  ; 
ot    vitamin   (\  but    vary  in   theii-  content   of   vitamin   A,   the   pi-nien'ted 
roots  such  as  carrots  and  sweet   potatoes  bciuo'  -ood  sources  .,f  tliis  vit;i 
mm.  while  white  potatoes  and  white  pa  r.snip.s'are  deficient   in  this  factor. 

The  fruits  also  serv,'  as  stora-v  or-aiis  and  are  iisnalK  excelleni 
.sources  ol  the  wat.u-sol ubie  vitamins  but  vary  in  their  value  as  a  .soiiiv. 
<d  vitamin  A.  The  tomato  and  cili-u.s  fruits,  particularlv  oran-vs  ami 
h'mons.  are  amon-  our  best  sources  (,f  vitamin  (\  while  "the  pi-iiienle. ' 
tomato  IS  also  unn>ually  potent  when   I'r^l  ;is  a  sc.iirce  of  vitami'ii   A. 

('low  and  Aiarlatt  L>1> )  have  published  data  conliiniin-  in  a  ni.as 
iiiv,  the  work  ot  House,  Nelson  and  JIaber  [XD  relative  to  the  sMithes,. 
..}  vitamin  ('  m  the  tomato.  P.otli  -roups  a-ree  that  et hvlene-ripeniii" 
n<Mther  iimders  nor  enhances  vitamin  synt h.'si.s.  (ireenh'ouse  tomatoe'^ 
npened  on  the  vine  w.'iv  not  (piit<'  s..  pot.'ut.  as  a  soinv  „f  vilamin  (" 
as  tield  ripened  tomatoes.  Ripenin-  after  removal  fi-om  the  vine  di.i 
not  seem  to  alter  or  affect   the  (h'velopment  of  vitamin  ('.      jJracewell  -nK' 


I 


liiiUcthi    .':'}  ^Factors  Jnflnvnvinn    Vitamin  Content 


Zilva  (24)  stato  that  the  vitamin  ('  content  of  oraii'i'es  seems  to  be  the 
same  whether  the  fruit  is  ])icked  at  tlie  beo-innino-  or  at  the  end  of  the 
season.  These  writers  were  unable  to  find  that  cultivation,  ori<»'in  of 
stock,  a«»e  of  tree  or  nature  of  soil  had  measura})le  <^tfects  on  the  amount 
of  vitamin  V  in  oran<i'es.  it  was  impossible  to  correlate  antiscorbutic 
potency  with  total  solids  or  liyd  roiivn-ion  com-ent  rat  ion  and  aftei'  two 
months   storage   at     1  o      ( 'enl  i'_;rade    no   a[)[)recia!)le     loss     of     \itamin     V, 

eollh  I    l)e    (|e1  fctri  I. 

Ihiii'jv  and  Tro.^t  rl:^  ^  concluded  that  the  vitamin  A  content  of  \-eb 
1<''^^  "•<"■"  cJHi  1"'  correlateil  with  the  yellowness  of  the  endosperm.  The 
'■••lor  of  the  pericarp  did  not  seem  to  be  a  factor  of  importance.  These 
authors  also  concluded,  as  a  result  of  cross-[)ollination  studies,  that 
the  vitamin  A  content  of  corn  is  controlled  by  ordinary  hereditary  fac- 
tors and  that  the  <z'eiies  are  the  same  as  those  <>()vernin<i-  the  development 
of  tile  yeilow  en(h)sperm.  in  the  li«:lit  of  the  new  work  on  the  function 
of  carotinoid  i)i<iinents,  it  is  probable  that  these  writers  were  (U'aling 
almost  entii-ely  with  the  inheritance  of  i)ii!-mentfition  and  not  of  vita- 
min  A.   per  se. 

(  b  )     Foods  of  Animal  Origin 

From  the  standpoint  of  the  physiologist  and  the  nutrition  worker, 
the  \itamin  content  of  foods  of  animal  ori^rin  is  of  two-fold  interest. 
Not  only  ar<'  these  foods  of  interest  from  tlie  standpoint  of  their  value 
as  sources  of  the  \'itamins  but  their  variability,  i-elative  to  the  capacity 
to  store  certain  of  thes<'  accessory  factors  under  various  conditions. 
]»i"e.sents  a  most   interest  in<_.   problem. 

The  theor\-  that  vitamins  cannot  be  sxnthesized  in  the  animal  bodv 
Itut  must  be  furnished  ))reformed  in  the  food  has  receiN'ed  su|)i)ort  from 
the  accumulated  evidence  that  animals  develoj)  vitamin  deficiency  dis- 
eases when  forced  to  subsist  on  vitamin-free  rations.  If  the  various 
\itamin.s  are  added  to  the  diet  of  such  vitamin-deficient  animals,  the 
symptoms  of  the  i'es|)ective  diseases  Liradually  disa|)j)eai'  and  the  e\- 
|»ei'imental  animals  tend  to  depiu't  themselves  in  a  normal  manner. 
Some  workers  lia\'e  contended,  thei-efore.  that  the  animal  oi'Lianisiu  is 
incaj)abh'  of   \itamin   synthesis. 

When.  lio\\('\er.  foods  of  animal  origin  are  studied  by  biolo^iical- 
response  methods,  it  i.s  f(Mmd  that  cei'tain  ty|)es  of  foods,  such  as  liver, 
k'iflney,  milk  and  eii'^is.  may  be  unusually  potent  sources  of  certain  vita- 
mins. Certain  other  tissues,  of  which  lean  muscle  tissue  may  be  cou- 
.sideied  i'e|)i('senta1  ive.  are  much  less  potent  sources  and  often  ma\' 
be  considered  \itamin-deficient .  On  the  other  hand,  livi-r,  ndlk  and 
eLTiis  have  been  found  to  \ary  markedly  in  vilamin  content.  As  a  re- 
sult. in\'est  iiiafoi's  have  endeavored  to  determiiu'  the  reasons  for  the 
variations   just    de.scribed. 

Owiiu!'  to  the  importance  of  cod  hver  oil  as  a  source  of  vitamins 
.\  and  I),  it  is  to  be  expected  that  science  should  turn  her  atti'iitioii  to 
llie  ori'jin  of  the  \it;imins  stoi"ed   in   the   liver  of  the  cod   fish.      Most   re- 
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sPcU'clies  to  (hitc  (2(i)  indicate  tliat  tiic  vitamin  content  of  fi.sli  roi'  and 
fish  livers  lias  its  sonrce  in  tlie  microscopic  cldoroi)liyllons  marine 
plants  wliich  develop  in  the  .sprin^',  coincident  Avitli  the  iiici*ease  in  li<iht 
intensity.  In  the  case  of  Ihe  cod  fish,  it  is  tliou<i-ht  that  this  increase 
in  marine  ])lant  life  is  associated  with  the  observed  inci-ease  of  microscop- 
ic animal  life,  i)art  iculai'iy  the  copepods  wliich.  in  liirn.  arc  iiiidouhl- 
<'dly  associated  with  the  health  and  wcil-iiciiio'  (.f  yoniii!  fish  and  (.th<'r 
'"'"■'IK'  ;niiniais.  which  th-pcnd  npnii  ihcsc  nrL:;i  ni.siiiN  Inr  I'^xui.  If  scciiis 
'■''■•i^"ii;il'l<'  1"  p'oslulalc  that  the  vil;iiniiis  stored  hy  thes,.  smuil  ti^h 
'■"■•'  liiially  .slored  in  the  li\-ei\s  of  the  i-otl  and  ntlier  hn-'jer  jjsh,  ^'iwrr  the 
r<'|-iiifr  scr\f  a>    {'no,  |    for    t  h.e    hit  t  er. 

\  anahility  in  cod  liver  oils  has  heen  al  t  iil)n1e(i  lo  \afiatioiis  in 
vitamin  synthesis  hy  marine  j)lants.  due  to  abnormal  seasonal  conditions; 
to  variations  in  the  food  .supply  and  to  the  phvsical  condition  (.f  the  cod 

il.-ili   t»  I    iiiv     iiiiu'    11    is   c<ui;^iii. 

iiills  J27)  contends,  howevei'.  that  it  is  impossible  for  the  cod  fish 
to  eat  sufficient  food  to  account  for  tlu'  unusual  content  of  vitamins  A 
and  i)  m  cod  liver  oil.  He  believes  that  the  cod  fish  is  able  to  synthesize 
vitamins  to  an  appreciable  extent. 

_  Funk  (2S)  was  the  lirst  to  su--vst.  in  191:5,  that  a  definite  relation- 
ship exists  between  the  vitamin  content  of  milk  and  the  food  iiiuvsted 
by  the  lactatino-  animal.  Three  years  later  :\lc(\)llum  and  coworkers 
1 2!))  otlVred  the  first  ex|)<'rimental  evidence  that  vitaiiniis  A  and  W 
(complex)  pass  into  the  milk  only  as  they  are  present  in  the  diet  of  the 
mother.  These  investigators,  workin-  with  rats,  were  unabh'  to  mak<' 
actual  measurements  of  the  vitamin  potency  of  rats"  milk,  but  based 
tlu'ir  statements  on  the  abilitx-  of  the  mother's  to  rear  their  \oun<' 

In  August,  1!)H),  liariu'.s  and  Hume  >  :;() )  and  Diilcher.  Pi.Mson  and 
JJiester  i'M)  announced  simultaneously  that  they  had  noted  seas.,nal 
variations  in  the  nutritive  valiu^  and  antiscorpbut'ic  j)ro])erties  of  cow's 
milk.  As  a  i-e.sult  of  these  obsei-vat ion.s,  Dutcdier  and  coworkers  (:;2) 
♦•onducted  a  series  ol'  feedinu'  experiments  in  which  two  cows  were  i'ed 
(  for  about  I'onr  months)  on  a  ration  which  was  vitamin  deficient.  Dnr- 
ni<r  this  period  .<:uinea  pi.iis  were  placed  on  exjx'riment  fr(.m  time  to 
tnne.  The.se  animals  received  a  sciirvy-prodncinii'  diet,  and  varyinu- 
(luantities  of  the  theoivtically  vitamin-deficient  cow's  milk  were  \\'i\  as 
the  .source  of  the  ant  isc(ubut  ic  factor.  In  .June  the  cows  were  -iven 
Jicress  to  luscious  -reeii  |)asture  and  the  exp.'riment  was  continued. 
At  th<'  |)oint  where  the  cow.s  were  sent  out  to  pastni-e.  a  number  of 
uninea  pi<zs  were  in  various  .staj^cs  of  scurvy  as  a  result  of  the  vita- 
min deficient  milk.  Tlies(>  animals  showed  definite  improxcment  almost 
immediately  and  new  animals,  added  month  by  month,  iirew  w<'ll  and 
failed  to  show  scorbutic  .sym])toms  on  daily  allotments  (.f  ".jreeii  i^rass 
milk"  from   the  same  cows. 

Tt.  was  concluded  that  the  "vitamin  content  of  milk  is  dependent 
Uj)on  the  vitamin  content  of  the  ration  in'j<'sted  by  the  cow";  that  20 
e.  c.  of  "summer  milk"  were  siipi  i-ior   in   nutritive  value  and   antiscor- 
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Fi<;.    1       siK  )\\'i  xc    'rMi';    i\i-'i,ri;\('i';   oi-'   'I'lir:    i>ii';'i'   (>i-'   'i-iir;   ('(»\\"    ov 
'rm-;  .v.Mor.vr  (»i.-  -I'lir;   .\\'ns(  •ouiu'i-jc   i-'.\(  "r(  ti;,   \rr. \mi\   .•    i-'oixd  ix 

<'<)\VS    .MILK'. 

A\'li>'ii  cows  ;ii'.-  t'lMi  ;i  \  i  I  ;i  iii  i  ii- liclicicn  t  r-.ili'Hi.  tlitt'i'  is  ;i  t  .■nii.iic\-  t'nr  \\\k-  tiiillc 
to  lifi'oiiir  \it;i  mi  II -i)i><ii-  i;itliii'  sImwIv.  Wlicii  \- it  a  Ml  i  11  -  rich  r.iiioiis  arr  t'l'il.  lii.  re 
is  a  tfn(ifiir\-  t'lif  the  inili<  to  luce  .iiif  v:  I  a  n  i  i  n -i-jcli  rathti-  raeidlx'.  (  l>aUi  (.il 
iMiti'hcr    ft    ;il.)        (  (  "(111  rtcs>-    cf    the    .loanial    ^f    ! 'aoh  )l;  ira  1    (  "li<  in  isl  r\-.  ) 


I 


10 


])uti 


TItr  P<  niisj/lvdtiid  Sfdtr  ('olhf/r^-Jfirivtdtin-al  Kxpcrimdit  Stafn.,,. 


butic  properties  to  (10  c.  c.  of  ^'winter  milk";  tluit  tlie  milk  ])0('aiiu'  poor 
.slowly  Avlion  tlie  cow's  ration  Avas  Jow  in  vitamins,  hut  it  tended  to  be- 
e(mie  yitamin-rieli  rai)i(lly,  followino-  the  enrichment  of  the  diet.  These 
experinients  wei-e  cori-ohoi'atrd  ])y  otlier  invest i<;atoi's   (IV.]). 


yiG.    2.      SHOWIXa    r;]U)WTH    OF    HATS    ^VHKV    TUF    VITWTTV    T    .-omiti^x- 
AS   1<  L  J.MSHKIJ   j:\     10    ('('.    (DAILY)    OF     -WlXTKli    MILK."  Mi-\.Mi.\    -\ 


Xote   tliat    nil    jziowtli    c'ur\-.s   ;ir.-    su].-ii.ii-ni;i 


Wi^''\■^r..':^[■'^^^^''     «IJ'<^WTH     OF     HATS     WHKX 
Tv    i'.\,^  ".-^-^"-^       '^     <'OMI'LFX      WAS      FFI)      IX      'I'Hi: 

\ITA^TIX    A    A\AS    FFRXISHFO    I'.V     K.    cc      (DMLV* 
OF     •sr.M.MKK    .MILK.- 

Th..  l.n)l<.ii  ciii-v.  s  ;it  •■>•••  iiidic.it.'  tlKil  v., mm-  M,;r 
I'yni  ;it  th.-^.'  iM.iri-s.  (jt.ita  ..f  K.nur.lv.  i')iii.li,  ,■  ;.iicl 
;■;,'■'"''••:''  H-.,iiit,.sy  ,,t  t),,.  .lourii.il  of  i;  I  ..  I  M  u  :  .■  ,,  1 
<   li'riiistr\-.  ) 

In  1!)2l>  Kciiiic.ly.  Dntclicr  and  K.-klr.s  :\\  >  puhlishcd  tlir  tirst 
quantitative  .'vidcn.M"  that  tlic  vitamin  A  (Muitciit  (.f  milk  ua^  al.so  dr- 
';''"''^'^^^  "P""  llie  dirt.  TIh'  milk  used  in  th.'sc  .-x |.ciiiiH.nt»  .-am.'  from 
the  .same  cows  that  witc  used  in  the  ant  iscorhut ic  work  liuttm-  fat  wa- 
studied  in  addition  to  tlio  raw  milk.  It  was  roncliid.'d  that  vitamins 
A  and  i;  wriv  siihj.'ct  to  the  .same  rule  that  had  l)eeii  propos.'d  foi- 
yitaniin  (\  It  was  impossihie  lo  show  marked  thietiiatioiis  however  in 
tlie  vitamin  P>  complex  and.  at  1h<'  time,  we  attribute,!  the  rather 
constant  vitamin  P.  eontent  of  milk  to  the  tact  that  w  eouhl  not  \W<\  a 
vitamin  1|  tree  ration  to  Ih..  eow.s.  owin-  to  the  n,M-e.,.itN  ef  re.-diu'- 
some  whole  irrain. 
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:\r()re  recently,  we  (:],,)  have  found  an  additional  explanation  for 
h,'  rather  constant  amount  of  the  IJ  complex  in  cow's  milk.  I)r  S  I 
l»<'<'''dH,  ot  the  Department  of  Dairy  Ilu.sbandrv,  observed  that  heifer 
calves  or,. w  normally  to  maturity  on  I'ations  that  were  deticient  in  the 
vitamin  W  eemplex.  In  f.-iet,  ]„>  u-,,s  ;,!.le  to  obtain  three  ovnerations  of 
■'"""•■''^  ""  "  •'"■'  ^^'"'-li  was  so  J.'fiei.Mil  in  the  W  complex  thai  ral.s 
^'y"'"'.'"*'  -'""^^  ""  ''"■-  '-''l'""  "iii.'.ss  y,-;,st,  was  .supplied.  A  .sludv  of 
'•"'"""'    "'    Hiesr    rous    showed    that    the    li    e(,mplex    was    pre.srnt    in  "licr- 

I'l.d  amounts.  nnImIc.  acecrdin-  to  pivx  ions  work  with  the  othrr  vitamins, 

'I""  """^  .sli'.llld  have  l),-ei,  detici.  lit  111  t  h  i.s  e.  ,i.i  |  ,lex.  ||  was  evident  that 
tli<-  cow  was  syiiilirsi/ino.  her  own  supply  (,f  lh,>  Ji  complex,  .since  tlx' 
milk  was  })ractically  normal  in  this  j-e^'ard.  Since  the  cow  is  a  rumi- 
nant. It  seemed  reas(»nable  to  })elieve  that  she  mi-lit  possess  the  abilitv  to 

sxufhesi'/c    A-itjnttinv    1 1>  )-,wi..l.    +1.,,     .,.. +  :    ,-        i-         •  •  .     '     . 

.-i-...^,,    ,in     jM  «»|»(t-<i(  mil   ui    microorganisms   m   Tlie 

rumen  or  storaj^v  stomach. 

liy  means  of  a  |)ermanent  fistula  in  the  rumen,  it  became  possible 
to  study  the  vitamin-D-complex  \v('i^  food  at  intervals  followin*,^  de«rlnti- 
tion  fswallowin-i  and  |)recedino-  the  passaoc  of  this  food  from  the  lai- 
meii   into  the  othei'  stomachs. 

Kecdin--  trials  showed  that  alcoholic  <'xtracts  of  the  fermented  U^vi\ 
contained  the  vitamin  15  complex.  Subsequent  studies  bv  Profes.s(»r 
.\l.  II.  Knutsen  revealed  a  surprisinoly  laroe  microHora  consi.stim--  al- 
niost  wholly  (-f  a  bacterium  behm-in,o-  to  the  Cvuhs  F/arobartcrium. 
Mils  (u-«ranism  was  -rown  (.n  media  fre.'  from  the  H  comph^x  and  the 
l-acterial  cells  were  isolat.'d.  dried  and  foi]  to  rats  and  were  found  to  be 
l"*^''"^  ">  ^'"'  vitamin  ]\  complex.  As  a  result,  it  was  concluded  that 
.-attic  are  capable  of  synthesiziiio^  th.'  vitamin  P»  complex  in  the  rumen 
ihrou-h  the  a-eiicy  of  micro()r«ranisms.  l>rof<'.s.sor  Knut.sen  has  named 
tins  or,<iani.sm  Fhi  r,>h,irh  riu^»  rif<ini  mr  n.  Damon  and  othei-s  (:{(;)  liave 
^hown  that  otlic!-  microor<ianisms  also  possess  the  propei-t\-  of  s\nthesiz- 
ini:'  the  vitamin  ]\  com|)le\. 

While  the   ruminant    may  be  able,  under  such   conditions,   to  obtain 

tii<'  vitamin   D  complex  throii<:ii  the  anvucy  of  bacteria,  there  is  little  or 

MO  evidence   that    the   vitamin.s   can   be  synth.siz.'d   by   the   tissues.      We 

liave  already  cited  evidence  supportiuo'  tlie  theory  tha't  vitamin  A  can  b.' 

Muthesi/ed.   b\-   the   liver,    from    the   carotiiioid    pigments.      Another   ex- 

'•eption   seems  to  exist    in   the  case  of   rats  and   birds   in  .so   t'ar  as  their 

tceds  for  \iiamiii  ("  are  concerned.     All  evidence  points  to  the  fact  that 

lhe.se  two  ty|)es  of  animals  can   live  and  iiiow  without    the  antiscorbutic 

;"'tor.      That    the   rat   can   actually  syuthesi/.e   vitamin    ('   seems   to   hav»' 

••;•''>   proxvd   (piitc  conclusi\(.|y   by   Parsons   (ilT'.   who   reare-l    rats  on   a 

vitamin  ('-free  dj.-t   \\)v  1.")  nionths.     She  was  able  to  show  that  the  livers 

trcmi   these   rat.s  contained   suflicieut    vitamin   (*   to  cure  acute  .sciirv\-    in 

juinea    |)iL;s. 

Further  proof  (.'{Si  \]\n\  the  rat  differs  markedly  from  the  guinea 
pi.L:'  was  obtained  by  cnriiiL:'  acute  sciirxy  by  t'eediiu.'  the  livers  o\'  nor- 
mal <:uiiH'a  piiis.  The  livers  of  Liiiinea  pi^s  aftlicted  with  scurvv,  how- 
cv(U',  had   no  curative  affect   when   i'vd   to  other  scorbutic  animal's.     It    is 


12 


TIk    I'<  inisjih-aiiin  Slah   Colh  //« -^Jf/ricNlt  iiral  Exptjiimmt  Station 


Bulletin    ,'}  ~)-  -Factors   1  n flm  ncinff    J'ita)nin   Content 


13 


'jif '^"''' _*LS*^'^"*1W5#       "^'^^uT'-' 


^.rs 


.^.^       '*^" 


^  ^^m'~ 


.■mh 


«<#?«' 


i:^:^i<V\^:i)   \\-n  s-nn^^^^^^  sami>ij:s  of  tuf   ja\Mi-:x   coxtioxts   wi:i:h 

It  was  f..uii(i  that  tli.-  I'linirn  liaiix.r-d  an  ortrani^m  i  Flnndxn  \>  n  rm  rini,in,,<  n  , 
\Miu'  I  i)()ss.'ssf(l  th.-  i)o\v.  r  t.)  symli.^si/.f  tlu  vitainiii  \\  c.miilrx.  (Dala  ..f  I '..■chil.  I 
1  >iit(hfi',    lloiirvucll    and   Kiintscn  ) 
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KAMOX     WJIKH     WAS     I  >I:FI(M  IvX'l'     IX    'I'lII-:     VITA.MX     i:    COMI'lJ^X 

^nImI.''m..MtJ'^    1'";    '"';"■,"'    -'"•'"I'    ^''i''''    '•.-,•.■!  v., I    no    suiM-l-mmt .       <;n,np    i'    n-.'.-iv.Ml    ,1       ^ 
ur';^H:';r:wsi;:;wnm\' !;'":'"••'''"  -'™'"    -in.-h    l,ad    l,...,    .snlat.-d    ,,„n,    tlM.    ,u       u 


not  impos/sihle  tliat  sonu^  of  the  lii<iii('r  domesticated  animals  are  also 
capable  of  syntliesizin<i"  the  antiseorbutie  factor  in  the  tissues. 

Cari'ick  and  Ilau^-'e  (;^)!))  ]iav<'  .sni)mittcd  cNidcnce  to  show  that 
domestic  j)oiiltrr  possess  tiic  j)o\V('i'  to  .syidlicsi/c  \itaniiii  ('  and  that 
lixcr's  ot  birds.  !'('(]  oii  dicl.s  drficiciil  in  this  \it;niiiii.  arc  capabic  of 
ciii'inLr  s('ii!'\\  in  scorbutic  !iiii(ic;i  pi'jN.  Whi!.'  llic  cxpcriiin'Mt;!!  diila 
arc  Mic;iL;rc,  it  \\(dild  ap|)c;ir  that  the  \ilaiiiin  content  ot'  t"JL!->  \arii'> 
dir«M-tly   with   th.'  x'itaiiiin   content   df  the  ilid    of   the   heii       }<)). 

Ail  the  known  \ifaniin>  ;ire  stdi'cd  in  the  li\er  ;ind  hi  ;i  h'--^  (le^ree 
ill  other  body  tissues.  X'itaiiiin  1),  Tike  \itainiii  A,  i.s  stored  nudidy  in 
the  liver  fat.  This  phenonieiiou  (\itaniiu  stoi'ajici  is  of  inii)ortauce 
from  the  standpoint  of  the  newly  born  youu<:'.    J  f  the  iiiothci-  is  able  ti) 

,s1nT'«»    MdcrniMte    ;u>ioiints   of    \i1!Mmi))v.    diii-mo'   tlic    tu>fi<wl    nt'    m  re<>  t ) -a  n  cv     1lu' 

I •  ■  ■  ■       •  ■  •  •  ,—    '  -  •       I I    •     i ." '  ^  •    "  . '  ' ' 

youn^-  are  almost  certain  to  havi'  a  bettci"  physical  and  physiological 
"staid  in  life'"  than  the  \(>un<>-  which  are  born  from  i)ooi-l\-  nourished 
mothers.  This  has  been  empliasi/ed  in  a  most  instructive  manner  by 
Sherman   and  coworkers   i  41  ) . 

\o  systematic  work  has  been  done  to  study  the  factors  inf1ueneiu<^^ 
the  vitamin  I)  content  of  our  natural  plant  foods,  it  seems  loi:ical  to  be- 
lie\'i'  that  the  amount  and  intensity  of  suidi^ht  are  most  imjxtrtaut 
facdors,  since  there  is  evidence  to  su|)|)ort  the  postulatiou  that  \itaiidu 
1)  arises  through  the  irradiation  ot  the  natural  sterols  in  the  |)hmt  t  is- 
su<'s  durintr  the  urowiinj  and   haiwest  iiiu'   ix'riods. 

A  number  of  successful  experiments  have  been  recorded  in  which 
milk,  from  cows  irradiated  with  ultra  \iolet  lii^ht.  has  been  shown  to  be 
more  highly  antirachitic  than  milk'  from  the  same  cows  Ixdore  tlu'  li^ht 
treatment  (  4"J  ) .  We  (4.'^)  ha\'e  tested  butter  fat  from  cows  subjecded 
to  sunli<:ht  and  found  that  the  antira(diitic  |)otency  was  somiAvhat 
hijiher  than  butter  from  cows  which   wi'vv  W-d  in  the  dark. 

Steenbock.  Mart  and  cowoi'kers  i  44  i  made  similar  obseiAat  ions  on 
j:<tats  milk  but  wcic  unable  to  timi  that  iri'adiation  (d'  the  cow  alfe(d<'d 
the  antiraidiitic  jxtlem-y  of  the  milk.  whi(di  substantiates  the  woi-k  of 
Luce  (4.")).  who  conchuh'd  that  sunliLiht  is  not  an  imjxu'tjint  factor. 
Chick  and  Ho^coc  '4()).  however,  beliexc  1li;tt  suuli<jht  is  more  impoi'- 
tant  than  diet  so  fai"  as  the  \itamiu  I)  content  of  cows'  milk'  is  concei-ned. 
(ioldin^''  and  associates  (47)  have  shown  that  the  antirachitic  potency 
of  milk  can  be  enhanced  if  the  cow  reccixcs  apj)reeiable  ;imounts 
<d*  cod  liver  oil.  Hart  and  cowoi'kers  4S  i  were  able  to  increase  the 
ant  iraidiit  ic  potency  of  cows"  milk   by    feeding    ii-radiated   yejist. 

With  tlii.s  brief  resune'  reuardini:'  some  <d"  the  fjictois  intbienciiiL:' 
the  natural  variations  in  foodstiilfs.  we  slwdl  now  con.sidei-  some  of  the 
fa(doi"s  whi(di  tend  to  destroy  oi'  ju'eser\-e  \itamiiis  when  I'oodstulfs  are 
subjected   to  \arious  tyjx's  of  food  treatment. 
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F( 


H.    Food  Treatment  and  Vitamin  Potency 


or   eonv.ni.iiLv    of   diseassion    we    slu.II    ccmsider    fon.l    im.i.nrnt 
Heat  tivHti.H'iii.  and   (d)   Jrradiatioii. 


t' ; 


(a  >     Harvesting  and  Field  Facto 


rs 


aiM 


111- 
iin. 
til.' 


,    "    '';'^    ''••'■"    )-'""'i    'Mil    thai    tl,..    vila.nin    .-nntrnl    of    W:U     plai.fs 

;;';;;;:""  i-'-"-'^''-'>  ^  --i  ^'.  hi...  th.  vnu.,,  rapidly  ,M..r.d.,,iu,n. 

I''  IJ';-^";  SlcrnlMH.k,  Jhn-t.  and  assoriatrs  (49)  stated  that  Hover  hav 
Avli.eh   had    l.eeti   bleached   by    lono.  expo.sure  to   sunii.d.t     .-.in  '.,.!.    .i':' 
NNas  less  valuable  as  a  .soinve  of  vitamin  A  than  elove,-  hav  \vh*ieh '  had' 
^--^  <'''^;'<1  "'-r  ^'^"^•'^'.^-  ^'^'^1   i'^  -   "^^n.ner  whieh  tcnch-d   to' pre  e     e 
,  ven  eolor.     The  sanie  hay.  on  the  other  han<l.  possessed  enhanced  e 
c  i.Mnj,^  ])ropert,es  when  it  uas  .snbjeeted  to  .snnlioht  dnrin..  the  enr.no- 
pr<HM's.s,   whde   the  antiraehitie    poteney  was   less  satislaetorv   when   the 
Jiay  was  dried  nnder  eaps  oi-  in  the  attie  of  the  barn. 

I'/  ■<\  recent  paper  Kussell  <:>(),  has  corroborated  the  r.-snlts  p.st 
d.scril^d  atHl  states  that  alfalla.  dried  artificially  in  a  modern  hav 
H  ,  ;^^/'»'*";t  sev(>n  tnnos  as  i.otent  in  vitamin  A  as  the  same  ma- 
^•"''l  'l'"'\'  ''^^'i  ^•iii'<'^l  J>y  the  nsnal  field  methods.  He  also  noted  an 
(••vaM;  in  the  content  of  vitamin  I)  mIi...  the  hay  was  drie.l  in  the  s 
1  lac tical  te<'ders  have  observed  that  bri-ht  alfalfa  harvested  dnrin<.-  i.ir 
nipu My  o,,,wino-  p^-nod  .just  prior  to  blossomin-  and  properlv  dri.>(ran<l 
;'nred,  is  superior  in  nutritive  value  to  the  more  mature  h'avs  and  to 
those  which  have  been  bleached  dni-in-  the  dryin«:  })r(»cess.       * 

IIau,e  aiid  Aitkenhead  (^r.   have  studies!  tin-  effect  of  artifie.al  div- 
ing xeisi.s  na  ural  cunno.  ot   hays  and  conelude  that   much,  if  not  most 
n    the  destruction  of  vUamin  A  is  due  to  enzymatic  changes  durin;      .w 
<li.Mn-  in     he  tiehl.      \\  h.-n  enzymatic  chanoes  were  r.-duced  to  a  n.ini 
;';;;;•-•-   l.eat.    n   was   touml  that   vitamin    A   was   preserv<   I      J  .         _ 

*""V-  T'V  "'    ^'"'   '•'■'""^"■"  •'»'  '"'^   '"'■  "•'<!   the   lelativelv   hi.d     t  .    1- 

ix'ratures  of    the  artiticial   drier.  '         ~ 

It    is  evi<lent    that    th.'  <'n vin.umeiital    factors   whi.-h   encoura-r    fn- 

-•'^•t'on  and  oxidative  chan.vs  are  to  1.  avoided  If  vitamins  A^.^ 
alt'  to  be  pj-eseived. 

(1)'     Storage 

It    is  rt'cooni/t'd    (jnitc  <'('ii('fi  ll\-    il..i<    h.     ,  -^ 
vc-vtabh-s  •iiul   frnit"  -•>(  lallx.   that    the  vitamin   ,-oni<Mit   (»f  fresh 

<-<tah|,.saiid   I    uits  iM'rom.-s  depleted  d u ri ,i-  st<,raL.v   (  :,1>  )       Tlu'  r-inid 
'  •     "'    """•!"•    '''-t'-'.-tHm    in    fruifs   and    ve^vtables   duri,  ..■   s  or  .'       is 

;..^r:s;:.;!i;;:--;rt:rn:!;-;T:;:;::;:;£;;™? 

'">ini  snonid  tend   to  j)res,.i-v,.  vitamin   potency. 


Biill<(ni    Jlo      Factors   I iijltK  nchuj    I'ilamin    Coiihiit 


\r> 


Other  foodstuffs  such  as  butt<'r  and  cod  liver  oil  also  show  pro«»-res- 
sive  loss  of  vitamin  A  during-  storao<s  This  can  be  prevented  to  some 
.'Xtent  by  storino-  these  foods  in  an  atmosi)hei'e  of  hydroo-en  oas  in  order 
that  oxidation  can  be  redin-ed  to  a  minimum. 

<,)uiiiii.  I  lart  ley  and  Dcrow  (  o.Ti  liave  ]M[blislicd  a  recent  jKipei-  in 
which  jlicy  ha\<'  shown  ||i;ii  dried  .spinach  is  siis,','pl  ibh'  to  a  loss  (>!' 
.iboiit  70  pel-  cent  ol'  it.s  \itaiiiiii  A  diiriiej  a  storage  |)cii(,d  of  ]2  to  lo 
iiionths.  They  noted  that  liie  stmvd  spinach  had  lost  soiiic  of  its  charac- 
teristic lirccn  color  din-iie.;-  this  period.  This  destruction  is  due.  nii- 
d'Hibtedly,  to  the  action  of  a1  iiin.splierie  o\_\o('ii  ,,n  {he  cai'otinoid  pi.u,- 
iiients. 

The  presence  (d'  rancid  fat  has  Ixmmi  shown  to  stimulate  the  destruc- 
tion ()f  vitamin  A.  It  is  (|uiit'  evident  that  some  of  the  constituents  of 
rancid  fats  ])ossess  a  catalytic  effect  on  auto-oxidative  ehan<»es  duriiio' 
storao-e.  Oxygen,  which  is  necessary  for  these  chano-es,  may  be  fur- 
nished through  the  deeom})osition  of  naturally  occui-rin«r  (U'oanic  com- 
l)ounds  a.s  well  as  from  the  atmos))liere. 

Jiolm  (34)  ])elieves  that  unsaturated  fats  or  their  jx'roxide-like 
de('Om])()sition  })roducts  have  a  catalytic  effect  on  the  destructive  oxida- 
tix'e  processes  which   occur  in    rancid   foods. 

Iron  salts  {7)7})  Avliich  j)lay  a  i)art  in  biolo^'ical  oxidations  have  been 
.shown  to  hasten  vitamin  A  destruction  duriuo-  stora^n^  whih'  Hess  <  7){')  ) 
has  shown  that  co])j)er  salts  may  hasten  the  destruction  of  vitamin  C 
in  heated  milk. 

While  M'vy  little  W(.rk  has  been  done  i-elative  to  the  etfect  of  long- 
time storage  of  frozen  food  pi'odncts.  it  would  appear  that  the  most  sus- 
ceptible vitamins  are  fairly  well  preserved.  .Ion(\s.  Mur|)hy  and  Moel- 
ler  {7)1)  i-eport  that  frozen  e^^^s  which  were  stored  for  nine  years  had 
siitfei'<'d  little,  if  any.  los.s  of  vitamin  A.  There  is  no  evidence  that  vita- 
mins H  or  1)  suffer  ai)i)reciable  loss  dui'in«."  ordinai'y  storage.  Seeds 
which  have  been  stored  for  lon^'  periods  often  retain  ap{)recial)le  aim 
of  the  vitamin  l>  comj)lex.  provided  I'espiration  is  k<'pt  at  a  minimu 


loiints 
'I't  at  a  minimum. 

llydrou'cn-ion  concentration  is  a  factor  (d'  ^rent  imi)ortance  so  far 
as  the  ])reser\ation  or  destruidion  of  vitamins  IJ  and  ('  is  concerned. 
Acidity  is  nec(\ssary  for  preservation,  while  alkalinity  possess<'s  a  de- 
structive etfect.  The  presence  (»f  natural  (U'  artificial  ant i-oxidants  of  the 
type  of  hydi'otpiinone   (  oS  i    ha.s  been  shown  to  j)i-e\-ent  (U'  d<'la\-   \itamiti 


(e)    Heat  Treatment 

When  w<'  coiisidei-  the  effect  of  heat  on  the  vitamin  content  of  food- 
\\('  are  confronted  with  a  volumiiicus  literature,  much  of  which  is  edn- 
t  radictory  and  ol)scur(\  It  is  inipossible  to  rt  \  iew  this  literature  in  de 
iail.  but  it  will  be  helpful  to  emphasize  some  td'  the  I'csearches  which 
have  h'd  to  a  better  understandiuu'  (d'  the  conditions  under  wliii-h  food- 
stuffs may  be  treated  or  processed  in  order  that  their  \itamin  conteid 
may   be   preser\"e(l. 


16 


I 
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( 1 )    Desiccation  and  Fermentation 


It  |)hin  tissues  arc  dried  rapidly  at  relativelv  l.iol,  temperature 
to  HLsure  the  maehv.ty  ni'  enzyines,  it  is  found  that  vitaniins  A  an,l  ( 
<n<>  preserved  u.ueh  u.nre  eftieiently  thau  wheu  the  <lrviu<..  pn.eess  is  e.m 
^Inrtrduvrv  h.n.er  per.o.ts  at  lower  temperatures,  "if  it  is  possible  „ 
<''.';;''"^""^<t'"n>pi.er,e  nxv.en   theauMMn.t   . .  f  <»ri.  ,  na  I    v,t;n„,„    ,„• 


j)re,ser\  (  '■  i 


^'M    -M.    even    oivaler.       Aliss    \Vi,ilte,„n,v    and    enunrkers    of    the    Kh.MJe    | 

•"Id    Kxp..rmH.Mt   stalinu   have   prepared   unusuallv   p^.tent   .ivu.l   sp.na, 
•    '"■••"'-  ""'  '•■-■'^■'-  >"  .•"'  ;iti.M.spl„.,v  nf  hot   earr.on  dioxide  and  earh..,. 
'"""''"^''•^"  .-)  I''niperat,Mvuhi..h  insu  res  rohi  t  ivel  x    rai.id  drvne-       These 
"•""l>i''^  iNive  JM-.n    tested   in   our  lahoratory.  '  '       ~" 

In   IDl.s,   ivir  and   Skelton    (T,!),    reported  that   tlu^  ant  iseorhut  ie  (; 
tor   ua.s   almost   completely    destroycMl    durin.^    the   slow    dehvdration 
caooaii'e.      Dui'iiio-  the   s;)i)>o   .w.-i-wi     /': .      ,.  i    m    /o  "      .. 

he    tirst    somi-eommereial    studies    relative    to    the    etfeet    of    drvino'    . 


o| 

ade 
on 


..|r,    i,..s  oi  ,lri,.,l   toMu.t.H.s  ,,,1,1   ,i,'i,.,i   ,„v.n;.,.s  wcv   hioh.    i„  .,.,|,,.  „ 
th.'   hid    th^ll    s„„„.  ,l,.stl'll,-li„„   „f   vit;ii,iiii   (■    ,„ij;||t   |,„VC   lilkcM    |>li„.,.. 

t.  „„ilK-  sf,„h- „l  tl,,.  lm-t<,rs  ,„H,iri„.„,j,  tl,<.  ^tiihilitv  of  vitmi,!,,  C     This,, 
i.it  fins  (l,.sf,-„,.f„,„  wns  ,1,1,.  t„  ,.„zy ;„.ti„„  ,„„|  inl,.„-,-,.||,ihn-  „ 


I  li,it 
xiil.-i 

II 


m     Ml,.,    Il„.  ,|,.y,„n   |„.,„.,.ss  „,„|„„bt,.,lly  nll„w,.,|  ,..,ns ,-„l,|,,  ,i„„,  ,. 

-,n„>K,,,f   I.H,|   „sl    s,„,„.   „|    ,|„.  .■,„|,.s,.,„.|„,|i,.    |,„t,.,„.v   ,„,.s,.,if    i„    ll„. 

''"""';V  !"■'""■   ''■'•""■"l"tHM,.   Hlfl ,1,    fl„.y   sf.f,.,|    f|„t    ,1,,,.,.    „,,.   „, 

"''■"'/''"""-     '"  "'■"  """■'  li'iw  , -1,  „ni„.,l,.str„,.|iv,.  ,.|V,.,-I  wi,s,l,„. 

to  JM'at. 

Owiu^Mo  the  faet    that   sauerkraut   had   heeu   used  sueee.s.sfull v  as  an 

.  .    seormtie     ood   on    Ion,,  sea    voya.es  and.   since  son.e  eliniciaus   wJn. 

o.nn.ced  <'»    'ts  ynlue  ,n  tins  renanh  the  prol.lc.n  was  re-iu  vest  i<.ated   hv 

■  hcd       ';;'•    '   :l""'-^'-   -^<'   ^'--tn;    '^i:^>.  a   report    or  which   was,.,.: 

M       n,     .L>».      Ihese  writers  found  that    fresh  sauerkraut   is  ahout   on. 

/       as  po  cut  as  raw  cahl.a.e.      They  express  the  helief  that   the  dcstru. 

;■  '"  "t    ;'^^'";"'   <     ■^;I'i.'  U>  o.xidati.m  durin,.  the   fermentation   procc. 

i.y  call   attent.on.   however,  to  the   fact    that   their  work  ,Ioe>  not    war 

i^int   the  assumption  that  all  commercial  hulk  or  ca 

<*'>ntain   vitajuin   {' 


;inne(|  .sanerl<i'aut   w  i 


.  ''''"'  '"iportant  (piesti(,n  coucernino-  tlie  vitami 
<l-M.-<'nted    mdk    has   r.-ceived   cnsiderahle  attentinu.      Fro,n    the   writer 


{X'fsonal   .'xpenence   and    from    tli.'  availahh-    lifrat 
that 


n   (M.ntent   of  dried 
l^'rom   the  write 
ni-e    it    would    appe.i 


MM,   ,.„u   s  „,|||,   „,ny   l„.  ,|„si,.,.nl,.,|  «,.isfH,-l,„-ilv   hv  .sp,-;,v  ,„■   ,.„l|,.,    ,„■ 
' '    '   '•''.  I>";'l    'Milk    „„„l,.    by    th,.„-    ,-„ll,.,.    |„-„,.,.ss    was   s,l|„.,-in,-     ■„ 


lliiUitih.   J7r,  -Factors  I nflmnciiuf    VUamhi   Cont,  i,t 
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Tn-er  an.l   Supple,.    (  (i4  )    have   |"/uhlisimd   .lata'slnr''' ' 


II. 

wiUL!-  that    I'oller   })i 


CSS  powders  retained  adequate  amounts  of  vitamin  (\  ('avanaindi 
)utchcr  and  ilall  (6;))  compared  spray  process  dried  milks  with  tlie  ori-- 
nal  raw  milks  from  which  the  powdered  milks  were  made  and  concluded 
uit  the  spray  method,  r)f  itself,  was  not  a  destructive  factor  since 
he  raw  and  desiccat.-d  milks  <lid  not  ditfer  appreeial.lv  in  ant  iseorhut  i<- 
)otency. 

^^''"''''     '"'"'^     pnwders.     ,na<lr     hy     hot!,     prn.M'Sses.     liave     I.een     tested     in 

•iir  own   iahoratoi-y  and   li.ive  |„.en    foinel   to  contain   ample  l.nl    variahle 

^'"••'""•^  "'    vitamin    A.      It    rannot    he  assumed,   jiowever.   that    all   desir- 

■;'^'''^  """'^^  ""   I'"'  niarkri   ;n-r  .sal  isfadery  .soiiives  of  vitamins   A   and   C 

^'^^'   """   '■'■'•'-•"'    'ii<i'    f;i\\    miii<    IS   \arial)le   in    lln^se    \itamins   ;,ih1   r.-irrfni 

4  50   . 

\    d 

4  CO 
c50 


400 

300 
250 
4C0 
350 
300 
450 
4  CO 
350 


300  *- 

FKJ.    >;      MUowTH    crnvi^s    of    (;ii.\i:.\    itcs    siiowiv,;    th  \'r    vv    is 

I'OSSIIUI-:    TO    l-JM.I.rcK    DKIKD    ok    i'OWI.Ki:|.;i.    milk    \\\\U'U    rn\\v\Ky< 

'Data     ,.f     0,iv:iii;iu-li.     J~)ul  t'li.T.     ,iii(i     IlaU.)         (  ( '(.nil.sv     ,.|      ih,      .Lminil     of     lii- 
■Histrial   and    li:n:.'inft  riiiL;    CMi...niisrr.\ .  ) 

M-ientilic  snp<'rvision  is  necessary  to  prevent  vitamin  destruction  due  to 
•.ireless  methods  of  manu  fact  ui'c.  IIumj)hrey  (')(\\  describes  <'xperi- 
iieiits  in  which  oranji'c  juice,  dried  hy  the  sj.ray  process  and  stored  nn- 
ler  vacuum  tor  five  years,  was  found  to  lie  elfecti\'e  in  prexcnt  iiin' scurvx 
II  uninea  ]n,<is.  (livens  and  .Macy  (Ii7)  found  that  five  out  of  seven 
lehydrate(l  fruit   juices  possessed  measiirahle  amounts  of  \itamin  (\ 


\ 


IS 


Thr  Prn>is,/lr(una  State  Collrac   ~A(iricultnral  Expcrinunl  Station 


Mor^i-an  and  Field  ((J8)  liave  publisln^d  tlie  msults  of  caivt'ullv  eon- 
trolled  expeniiieiits  m  whieli  dried  fruits  liave  been  prepared  in  tlw 
Fruit  Produets  La})oratory  of  the  University  of  California.  These  desic 
eated  fruits  w<'re  prej)ared  in  different  ways  and  some  were  treated  witl. 
sulfur  dioxide  and  .sonic  were  not.  It  was  found  that  tlu^  sulfur  dioxid: 
tended  to  j)re.serve  vitamin  ('  fr,  \]w  ext(Mit  that  the  dried  fruit  rclaiiUN; 
the  fiii!  aiitiscorfnitic  potency  of  llie  rvi-.]\  Tniit.  ^Miis  \\;is  not  tnie  of 
the  ■  ■  iinsnirin'e(l ' "   f  niit . 

_  A  stiKJy  ,,r  vit;iniii)  A   ivveah'd  Ihe  f.n-l   that  diff.Mvni    fniils  varv  n 
then-  ahditx    to  ivtaiii   vitamin    A  dufino'  '  "sul  furin- " '  and   dehvdration. 
i'e.irh.'s  relaine.i   s«i  i,,   ]  ( )( )  ,„.,.  ,.,.,j|   ,,[•  fhrir  ofi-iiial   vitamin   a"  eoiiten; 
while  |. nines  vari.MJ  IV,,,!!  l>4  to  !)1  per  eenl.     Apricots,  which  were  rici, 
ei-  in  vitamin  A  than  the  fruits  just  mentioned,  vari<'d  from  Ki  to  ')]  per 
eent  m  the  amount   of  vitamin   A  retained.      These  Avorkers   i)ostulatc 
differences  in  the  type  and  aniount  of  oxidative  catalvsts  ^u"es(>nt  in  th. 
different  fruits.     It  is  interestino.  to  ,iote  that  they 'found  that' y('llo'i" 
]»eaches  and  aprieots  comi)ared  favorably  witli  sj)inlich,  enos  and  "butte 
with   re^-ard  to  theii-  content  of  vitamin"  A. 
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(2)     Pasteurization  and  Evaporation 

An  early  as  1S!)4  Uarlow  i  bf) )  .stated  that  "c(voked  milk"  was  in- 
ferior to  raw  milk  in  antiscorbutic  potency.  It  is  possible  to  find  maiiv 
statements  by  ])liysician.s  to  the  effect  J  hat  i)asteui-ization  and  h(\-it- 
nio  sliould  be  avoidec].  I.anc-(daypon  (70).  however,  has  marshalled  a 
mo.st  impres.sin,u-  array  of  research  and  clinical  data  to  show  that  thr 
nutritive  value  of  milk-  is  not  harmed  by  heat  treatment. 

In  1914.  Hess  and  Fi.sh  '71)  pointed  out  that  the  ant  i.scoi'l)ut  i.- 
value  of  milk  was  slowly  (lestroy<Ml  by  heatin«:-  but  that  intense  heat  for 
a  sliort  time  was  less  destructi\-e  than  a  lower  femperature  for  a  Ionizer 
ix'riod.  IJarnes  and  Hume  (72)  rej)orted  iu  191!!  that  about  one  half 
of  the  antiscorbutic  ])otency  of  milk  wa.s  de.stroy<'d  ])v  boilin«i'  the  milk 
over  a  <ias  Ham(\  In  the  same  year  Hart.  Steenbock  and  Smith  (7:; 
stated  that  they  obtained  destruction  by  lieatinn-  milk  at  1l!()  (\  for  t.'ii 
minutes. 

The  discovery  by  Zilva  in  lf)L>()  ( 74  i  that  vitamin  A  could  be  dr 
sir.yed  by  ozone  was  followed  by  the  almost  simultaneous  announce 
nn'nt.s  of  llo|)kin.s  (7.")!  and  (tf  Drummoiid  and  Coward  (  7(;)  tlnit  al 
m(..splieric   oxyjell    possessed    destructive    jH'oiicil  ies. 

In   V.V2]   Miss   Kdla   Amlerson    (71 1,  workin-  in  tin-  writer's  labor,, 
t'.ry.  condiict<'d  expenment.s  which   showed   «piite  conclusivelv  that    mil 
'-nuld  be  pas1euri/e,j   for  M)  niinut.'s  at   b:;     C.  without   app"reciable  d^ 
slruction  ot   vitamin  C.      If.  l,ow.>v.>r.  air.  oxy-en  or  hvdro-en   peroxid 
were    introduced,    th.-    vitamin    was   destroved    complet<'lv    "l)urim.    tie 
same  year  Ilarshaw  and   Mali    .7S),  workin-  in  the  .same  laboratorv    n 
ported  similar  obs.-rvat  ions  on  oran-e   jnicc      It    was  possible  \n  iU'stynv 
the  antiscorbutic  lacfor  in  oran-e  juice  with  oxv-en  and  livdnx-en   ix' 
oxide  at  room  temperature,  although  the  .speed  of  <lest nict  i(".n    like  ,,tlie 
chemical    reactions,  was  enhanc<'d   bv  heatirui'. 
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3LeC.>0\ie4    QYc 


GiifljA4aJZL_ 


•^cc 


^<  .^fige  '^ssjlS^  ^^\^  ,^  J_^  p^ 


v^xlr^^^^:^|:fi\,:l}:^ll'^^^^^  •■'•-^vks  of  <;r,x..:A    ri.:s   wmk^h    wkkk 


--''■^^nrJZVl::uriy'''-::l,^^^^  i^-    <''-'>;>    <-''   ^'-v  .'.uit.    uvll   and   showe.l 

f';Hl    b..en    a.l.i.Ml    .-     '.nr.  11     mm,  iV      V^h,^^^^  '"•    "'    '"  •'  •'^    ora.mv    luic..    (daily)    to    whidi 

All    unin.-i    Di^'    in    ..,•,•,••'.•  ^'-  '•''*'^';"    l"''-"-^'*!".    ^vhich    is    an    oxidizinsx    roaiivnt 

r,„.f„-i,,,._,.  Z'^'     '^  J'utclui,    Ha.shau    and    Hall.)       (Court,  sy   uf   tin-   .lonrnal   <.f    i:i.,l„^ical 

In  ]!)L>b  Diitcher,  Francis  and  Combs  (7f))  published  the  result.s  of 
<•!  three-year  study  on  the  effect  of  commercial  evaporation  on  the  vita- 
min I.  complex  111  milk.  The  evaporated  milk.s  were  made  in  the  Depart- 
"iriit  of  Dairy  Husbandry  in  commercial  evaporators,  which  were  of 
t\\o  type.s  vi/.  (a)  \  acuiim  pan,  and  (bi  air  blast  evaporator  The  evap- 
orated milks  were  reconstituted  with  distilh'd  water  and  fed  side  bv 
Mde  with  equivalent  amounts  of  the  raw  milk  from  which  th,.  evaporaf- 
•■•I  inilks  were  made.  We  were  iiuabh^  to  detect  appreciable  d.^stnict  ion 
"I    the  Vitamin   ]\  complex. 

A  subse(pi,-nt  .study  of  the  stability  of  ^■itanlin  A  '  SO'i  led  us  to  con- 
'•liid.'  that  s(.iiie  ,j...structioii  of  vitamin  A  had  occurred,  that  this  de- 
^ti'uction  was  increased  by  a<M-ation  and  sterilization,  but  that  the  (h^- 
slructive  effecl    was  not   (.f  sufficient    ma-nitude    (10  to  :!()  per  cent)    to 


'•ause   concern 


A  .similar  study   (Si  ,    j,.,]  us  to  c(di(dii(le  that   the  ossifviiiu'  |)ofency 

"t  t'vaporated  milk  is  lowered  duriiiL!  the  <'vaporatino>  process.  "We  were 

inable  to  state  how  much  of  this  was  due  to  mineral  losses  durino-  evap- 

•ration    and    how    much    was   due    to   destruction    of    vitamin    I).  ^  Since 

'iiilk.  at  b(\st.  cannot  b(^  considcrf'd  a  rich  source  of  vitamin   I),  this  loss 

>f  ossifyini:'   |)otency  does  not   assume  serious  }U'(»|)ortions. 

Since  the  vacuum  process  of  evaporation  doivs  not   necessaril v  cau.se 
>''rious  vitamin  destruction,  it  is  to  be  expected  that  concentrated" oraie'-e 
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juic(\  tomato  juk'v  and  otluM'  t'riiit  juices  can  be  made  witliout   sci-ious 
destruction  of  vitamin  C   (82). 


vitamin  B  In  Evnporntea  lillke  Made  by 
Air  Bl;.Bt  ajid  Vacuum  Uethoda 


i''<'-    v      <'.i:()\vTn    <'r!:vi:s    ]ii-:i"ki:si:.\ii\<;    (luori's    of 

KA'I'S     AVmcH      liK(M-:iVJ-:i)     A     JJASAL     1L\TJ()X      Dl^FJiMKVT     ]  \ 
TH  K   Y I TA  MIX    II   (  H  )  M  P  LK  X. 

The  (lat.i  indicate  that  Ili.j  .-wt  i>(  ira  t  ion  iirocfss  and  siil>s<((U(ii; 
sterilization  di.  not  cause  snllicieiit  dest  laict  ion  of  the  \itainin  i: 
coniplex  to  canse  concern.  (Data  of  Dutclier.  Francis,  and  C.rnbs.  ) 
((  otirtesy   ot    tlie   Journal   of  l»aii\\-   Science.) 

('})    Cooking  and  Canning 

Hoist  i\]\d  Fi'(>li('lK  of  (liri.stiana.  XoiAvay.  were  the  tir.st  ( H:])  t<» 
prove,  in  a  j)ractieal  way,  that  expei-iniental  scuiA-y  wouhl  he  pi-oduccd 
in  «:uinea  pi^^^  ))y  feedinn-  foods  ich'iitieal  Avith  or  similar  to  thos«'  which 
were  known  to  cau.se  ship-lxu-ilx'i'i  and  sliip-scurvy  in  humans.  It  was 
durino-  this  epocli-makini:'  seric.s  of  iiivestijiations  (l!)(»7-liniM  tiiat  th«'\ 
found  that  they  were  alHe  to  pi'event  or  cure  tlie  disease  ])v  t'«'cdino  ;i 
numhi'i-  of  fresh  fruits  and  ve<i'eta])1es. 

In    sul)sc(juent    Avoi-k     ( S4 1     tiiesc    resourecful     invest  iij  a  tors    ma(]<- 
many  ohscrvat  ion.s  and  discoveries,  re^-'ardin^i'  tlie  stability  of  what   hit.T 
Ix'eame  known  as  vitamin   (\  that    have  stood   the  test   of   lime  and   the 
suhse(picut    l-i'tinemcnt    of    e.\|»erimental    metliod.s    of    feedin^.       K(,,-    ex 
am|)h\    th<'y   studied    the   etfeet    of    tcmperatui'e    and    time    (»f    conkiuii    e' 
cahhaLt-e  and  found  that   eontinuous  cookiui:'  was  (h'h'tcrious.      Thr\    dis 
coxcrcd   the  stahilizin<2'  influence  of  acids  and   th«'  destructive   effect    of 
alkalies.      And.   wliat  was   most    remarkal)h'   and    si<:nificant .    th<'se    keei 
i;hseiA('i-s   not<'d   that    the  (h'st  ruct  i\t'  ■effect    of   cookiiui'  seemed   to   l)e  ]e^^ 
mai'ked   if  aii'  was  e.\c]u(hMl   dui'iiiii'  the  cookiuL;-.      Th<'y   al.sc   noted   th^ 
(h'sti'uclion   of  ant  i.scorhutic   pi'operties  when   ACLiclahh's  were  dried   and 
recorded    the    fact    that  the    I'csidual    scurvy-cui-in<i'    pi'operti<'s   couhl    h 
|)reserved  best   by  keepiiio-  tlie  th'siccafed  mnteriafs  absolutely  dry.   rail) 
er  than   to  store  them   where  they  could   i^'radually   take   up  atm("Ks])|ieri 
moisture. 


Since  that  tn)ie  additioiud  information  of  -rcat  vahie  has  been 
j:-anied.  o  be  sure,  but  most  of  the  work  has  served  to  amplifv  and  re- 
hne  the  hrst  tundamental  observations  of  tlie.se  pioneer  w(U-k(M-s  relative 
to  the  wisdou,  of  (pnck  dryin-  short  periods  of  cookin-  elimination  of 
<»xyt!<'n  and  tlu'  importance  of  hydro-en-ioii   concentration. 

^^*"  "';■  """■''  '■'■'■''"'  ^^"•■!<,  th.-.i  nf  Ko|,,„;,n  ;,n.|  K^hlv  ;,iid  .-owork.-rs 
^'''■'""  '•'  '"■  "^  "'•■  ^'■•■;"<st  Mit.M-esi  fro,,,  a  practiced  slandpouil  For 
JK'.-irly  leo  years  these  ui  vsf  io,,t  or.s  hav<'  studied  Ihe  various  phases  of 
h-'alm-    .M.okiUL:'  aud   slei-d  i/al  iou    wiiicli    mi-lit    lead    to   more   ii,ie||,ovnt 

'•"y     ^<'|''Htlhc     llielhods    n\-     processiiio     caMFie,!     fruits    ;,,id     veo'etahles     in 

'"'•''■'■. ^''''^  1''^'>  "I'-'''  t'<'tain  ;i  iii;i.xiiiiii,,,  ;iiii,,iinf  of  the  ori.-inal  vitami:-^ 
<">ntained  in  the  raw  materials  (s:,,.  This  has  be.'u  aeeomplished  bv 
removing.  di.s.solve,l  oxy-en,  in  water  ami  in  food  materials,  |,v  vacuum 
and  by  steam. 

In  the  cas<'  of  ap|)h's,  it  was  fcaind  that  vitamin  ("  preservation 
<'ouhl  be  accomplished  by  pn-treat  iiio.  with  dilute  l)rine  to  allow  cellular 
respiration  to  ns(>  up  the  availal)le  tissue  oxyovn,  after  whicli  the  apples 
are  processed  in  the  absence  of  nir  with  lu*  Io.sn  of  vitamin  i\  They 
noted  a  loss  of  vitamin  ('  when  raw  apples  were  stored  from  October  to 
Alarch  but  could  det<'ct  no  loss  (,f  vitamin  ("  in  canned  a|)i)Ies  after  ei«dit 
months  of  stora'-v.  While  cold  packed  tomatoes  were  i)racticallv  iden- 
tical ill  vitamin  potency  with  the  i-;rv  tcmiatoes  from  which  they  wciv 
made.  oi)en  kettle  tomatoes  seemed  to  have  lost  some  cd"  their  antiscoi-- 
biitic  potency. 

^  '^'""'"  '\  \V'i-^  found  t(»  be  practically  unatfected  bv  commercial 
•  •annmi^-  methods  but  was  lost  in  the  |)ulp  if  the  tomatoes  "wei-e  filtered. 
\  itamin  R  was  partiall.\-  (h'stroyed  and  was  shown  to  be  susceptible  to 
nxidatiou.  Heceiit  work  has  shown  that  tomato  stock  can  be  concen- 
trated to  fwo-fifth.s  the  ori<_;iual  volume  by  oi)en  kettle  boiliiej  without 
appreciable  desfnicfion  of  vitamin  (',  usiui:'  a  blanket  of  steam  to  avoid 
contact   with  atmospheric  oxvu'en. 

I  liese  invest  io;i  to  i-.s  have  succeeded  in  rearing'  sex'eral  generations 
of  rats  and  guinea  pi<:s  on  (li<'ts  consistin«r  sohdy  of  canned  foods,  show- 
ini:'  that  modern  scientific  methods  of  manufacture  lia\-e  progressed  to 
the  poinf  where  canned  uood.s  are  practically  e(jual,  in  nutritive  value, 
to  file  fre.sh  food  materials  from  whicli  they  w<'i-e  made. 

It  is  exideut  that  oxidation  and  over-cooking-  should  be  a\'oided  so 
lar  as  vitamins  A  and  ('  are  concerned.  This  has  been  emphasized  bv 
many  workers,  especially  by  Chick  and  Dalyell  (Stli.  who  showed  in  ;i 
most  practical  manner  that  much  of  tliescur\y  in  children  in  a  X'ieiina 
Hospital   was  due  to  o\('r-co(»kin<:'  the   food. 

(d^     Irradiation 

This  phase  of  food  freatiiient  is  still  in  the  exiierimental  stau'e  'com- 
mercially) aud  its  importance  and  siLiiiificance  remain  to  be  a.scertained. 
A  number  of  food  manufacturers  have  obtained  licenses  from  the  Wis- 
consin AInmni   Research    Foundation   to  irradiate   their   })roducts  with 


oo 


\ 


Tin    Prnns,,lnn>!a  ,^fafr  Cnlhar    -A ;,r!rult ural  F.rprriwrvf  ! 


S!fnfiov 


lira  v,o,.f   liohi   |„  ,,,„l„w  tlio„i   witli  n.ilinu.liili,.  p„t,.,u.v.     Tl   is  tn,o 
t.uil    nmst   al    ,„n-  ccnnnon    fo,„ls  „>■,.   ,l,.n,.i,.Mt    in    vitninin'  D   „n,l    it   i. 

Ml,  pn,t,t  ,l,mM^.  )1„.  „n,l,,.  ,„ontI,s.  ^l,,.,,  t liil.lrc,  arv  ],.s.s  lil-ol^ 

tn  !)(■  rxpos..,!  to  til,.  l,,.ii,.nrinl  ;ictin,i  „r  snnli.jlit. 

Tli-  .lis,.„v,.,-y  (lull  (I„.  ,.,i,.„|,„|.  ,.,„,,s|„,„|.  ,,,„  |,„  ,,,|ival,.,l  l,v  ulliv, 

;'.'■'"'"'■"""  "'    \"-l'>"l-      Tlii.   |,r.:,l,i,.|    ,,,„    !„.  ,„,,|,   ,„,,„„„  ,„   ,:,„„„„ 

'•".'"  """■;■   I'"'""!."''"'   ^1  -t:ni.l.n-,l  .-n.l   livmil,      Viosl.n.l   l.is   rouiM   ,-, 

'"-■•'"     I'l'^-"-;^"-    ^"    'I-    nv..,| nl    „r    ,.i,.k,,s   ,.,li|,„„.i,    il    ,.,.,,„„„ 

\"'""'"    •\-       \  l"-l.'|-n|    nl-   ]|-ni,||;i|,.,|    ,  i-.,,-,  ,s|  ,.|-,  ,1 
cijl' 


Will 

film 


iii.i\    III'  ;i(lcli'(l  1(1  i-iiiiiincv 
„'';"'    l""|;^":'<i<>i;r    "I'-n;    it    is    ,l,.sin,l,|..    |„    i,it,,„l„,,    vihnni,,    1, 

I  •"•'"^'lly  "n-^Hl,;,ti,io-  tl„.  |,„„1.     This  is  l,,.i„^.  ,1,„„.  at  111,.  |,n.s,.,it 

'  With  (MM'TMin   IniDi-Di   r,wwl,    ..>..!  ,..:o         ..4    -.     ,  r.  ,  V 

.^  ...M,    u  M  II  rti  (dill   i.\  pes  ot    ponllry   h'cd.s. 

In   o.ir  .nthn.si.sn.    for  .„<!   ,.„i-  int.ivst    in   vit.n.ins  ,m\  .l.-ficirnrv 

^^.lnl  IIip  wlinlr  (,„r.sl,n,.  ,.f  vilmnin  lln^py  ;i)i<l  .li.-f  ..m.sI  ruH  inn  Let  „s 
HM-n^nnx.  ;m,l  .ppnvi.t.  tl.r  in.pnrl.n,.,.  of  vit.nm.s.  I.ul  in  uuv  nnxirtv 
tn  nich,.],.  I„MM  n.  .M,r  .lidnry  w."  .nusf  nol  ,ll<,w  nnrsHvrs  t<»  ..nn.lrn.n 
ij|M  <lisrnr.l  .n.ny  v.hnihl.  fncHlsluirs  Inu-misr  1]i,.y  Iw.pp.n  tn  1,.  vit.nm. 

TIh.v  Ik.s  JMM-n  ;,  l<.n.](>n,.v  on  t],,^  n.rt  of  snnH-  w<.H«.rs  tn  (.nn,l..nn 
^vl-'  -  l.nvnl  ^v1Mt,.  ,,....  ;n,.l  nil,,.,-  WuuU  hrr.usr  nf  ti.ri,.  \ur],  nf  .MM-|;m. 
ni  tlirs,.  fnnil  \nrinys.  Surl.  fnn.ls  l,;,v.  .  ,].finitr  rrnncn.i.  an.l  nutri- 
tion;,] ,_,h„M.,n  til,,  nnnn;,]  di.-t  :nu]  niusl  h.  suppI-Mirnl,.!  hv  vitn.nin- 
.•nnhnn.n^r  ,hm1s  ,n1  ,t  i.s  nnt  wis.  n,-  uoros.nvy  tn  rond.n.n  tlu-ni  or  to 
"init  tlicin  Ironi  tlie  diet. 
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The  Effect  of  Irradiation  on  the  Electrophoretic  Velocity, 
Agglutinability,  Lysis,  Viability,  and  pH  of 

Escherichia  Coli  ' 

liY  .Martin   W.   Lisse  and  Kw.vn  P.  Tittslkk,   with   the  Technical 

As.'t^lSTANCE    or     (jlA)KCl-:    K.     SUAlU'l.ESS 

PART  ONE 

Introduction 


T 


^HE  STUDY  of  pliotochemistry  has  been  highly  stimulated  through 
the  study  of  ultraviolet  radiation,  and  mueh  knowledge  concern- 
ing the  etfect  of  these  rays  on  inorganic  and  orgaiuc  suhsianee^, 

on  both  dead  material  and  living  cells  and  tissues,  has  been  obtained. 

This  knowledge  has  b^en  summarized  in  books,  such  as  Ellis  and  Wells 

(1925),  Luckiesh  and  Pacini  (192G),  Mayer  (1926),  and  Morton  (1928). 

Excellent  bibliogr^iphies  are  given  by  .Mayer  (192G),  Bersa   (1927)   and 

Laurens   (1928). 

:\Iost  of  the  work  relative  to  the  effect  of  irradiation  of  bacteria  has 
reference  to  sterilization  and  concerns  itself  with  tlie  bactericidal  and 
stimulative  elfects  of  rays  of  the  different  wave  lengths.  There  has 
been  some  theoretical  discussion,  but  no  satisfactory  answer  has  been 
given  as  yet,  concerning  the  mechanism  by  which  radiation,  and  espe- 
cially ultraviolet  radiation,  exerts  its  action  on  cells  and  tissues.  Any 
experiments,  therefore,  which  will  throw  some  light  on  this  mechanisHi. 
which  is  probably  very  comi)lex,  are  likely  to  be  productive  of  signiti- 
cant  results,  especially  in  the  fields  of  disinfection,  biology,  and  medicine. 

An  application  of  tlie  principles  of  colloid  chemistry  has  led  us  tu 
suspect  that  irradiation  of  bacteria  with  ultraviolet  rays  is  accom- 
panied ])y  changes  in  the  electrical  charge  of  bacteria  (measurable 
elect rophoretically),  and  that  many  of  the  properties  of  bacteria  ar»' 
a  function  of  thiVcharge  or  capable  of  being  evaluated  by  it.  ]\Iayer, 
]).  :]')')  (1926),  and  Norton  in  Jordan  and  Falk,  p.  'All  (1928),  have 
made  similar  hypotheses. 

Review  of  Literature 

A.     The  Effective  Wave  Lengths 

That  by  far  the  most  intensive  bactericidal  action  of  light  is  con- 
centrated' in  the   ultraviolet  region   one  learns  by   a   review   of   papei^ 


1  Tliis  is  a  rc^uin.'  of  a  dissprCiti.m  subniitt.d  bv  tli.'  senior  author  in  partlil 
fuinilnu-nt  of  the  requirements  for  the  degree  of  Doctor  of  Philo.sophy  in  Apiculturi. 
and    liioloLncal   Chenii.slry    in    llie   Graduate    School    ot    The    IVnnsylvania   State    Colle--- . 

1929. 

»For   preliminary    papur    see    I'roc.    of    the    Soc.     for     Exp.     Biol,     and     Med.,     i;^. 

811,   1931. 
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by  Downes  and  Blunt  (1877),  Ward  and  Franklin  (1892  and  1893), 
Bie  and  Bang  [pp.  288-239,  Ellis  and  Wells  (1925)],  Barnard  and 
Morgan  (1903),  Ilertel  (1905),  Thiele  and  Wolf  (1906),  Cernovodeanu 
and  Henri  (1910),  I^azzoni  (1914),  De  Voogt  (1916),  Newcomer  (1917), 
lifiyne-Jones  and  Van  der  Lingen  (192:^),  (V)blentz  and  Fulton  (1924), 
]5, ,,.,_;■,. r    (1!)2^).   and   Cat.'s    ni»2!th  and    19:10). 

('('l)leiitz  and  Fidton  fl024"^  even  found  how  many  watts  of  energy 
p»'f  hacteiduni  were  leM•(■->^;l^y  to  "kiN. 

dates  (1921^0  .showed  tli;it  \t'ry  dilTct'ent  toud  imddeid  enerrrics;  w(M-e 
TiMinired  at  dilTcrent  \\;i\("  !rngllis  to  i)ro(hiee  sindlar  effe'cts  in  bac- 
tericidal action. 

Though  one  does  not  make  the  Schumann  region  available  in  ordin- 

(Lyman,  1910;  Bovie,  1915-1916). 

Fulton  and  Coblentz  (1929)  found  that  the  gerndeidal  action  for 
Jhicillus  coli  was  produced  by  rays  extending  from  the  shortest  wave 
length  tested,  2.400  A".  U.,  to  and  including  3,650  A^  U.,  and  that 
the  action  probably  extends  beyond  this  upper  limit,  but  to  a  very 
weak  degree. 

I).     The  iNFLrEXCE  of  Variot's  Factors 

a.  Bacfen'al  Mcflium 

See  papens  by  Kreusler  (1901),  Barnard  and  Morgan  (1903).  Lyman 
n910).  Young  and  Pingree  (1913),  Bavne-Jones  and  Van  der  Lingen 
n923\  Coblentz  an.]   Fulton   (1924),  Hill    (1924),  and  Gate.s   (1929b). 

b.  Time  0)1(1  Temperature  of  Irradiation 

The  temperature  c'0(>ftieient  should  be  low  as  Bayne-Jones  and  Van 
der  Lingen  (1923  1  i-eported.  Since  ])hotochemical  reactions  in  general 
nre  nearly  inde])endent  of  temperature  changes,  one  might  suspect  that 
the  s])eed  of  the  reaction  might  not  be  grently  affected  by  such  changes, 
in  so  far  as  the  reaction  (change  of  charge,  killing,  etc.)  is  merely  a 
])hotoehemical  one.  Clates  n9291))  stated  that  since  the  temperature 
coeffhdent  of  the  bnctei'icidal  reaction  a])proaches  1,  evidence  i.s  fur- 
ni.shed  for  the  belief  that  the  direct  action  of  ultraviolet  light  on  bac- 
tei-ia  is  essentially  ])]iysical  or  ])hotocliemica]  in  character.  These  values 
;ire    opposed    to   those    by    Thiele    and    Wolf    (1907)    and    by    Wiesner 

n907)  but  in  airreem(Mit  with  the  re))oi"t  of  rernovodeanu  and  Henri 
'1910). 

See  pa])ers  by  Bovie  and  Khdn  ("19191  and  Bovie  and  Daland  (1923) 
i^or  h(*at  sensitization  studies  and  l)y  P>ovie  ('1915-1916),  Coblentz  and 
Fulton  (1924),  and  Norton,  pp.  374-377  in  Jordan  and  Falk  (1928), 
for  studies  on   intermittent  cxposnre. 

c.  Bacterial  Sprcic^ 

See  Cernovodeanu  and  Henri   fl910)   and  Burge  and  Xeill   (1915). 
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d.  Relative  Intensity 

It  is  well  known  [Pacini  (1923),  Harrison  and  Forbes  (1925), 
Lnekiesh  and  Pacini,  p.  211  (1926)  and  Gates  (loc.  cit.)]  that  the  rela- 
tive intensities  of  the  varions  radiations  or  sjiectral  lines  of  nltravioh^t 
i-;i\s  vai-y  with  .sucli   factors  as  cnri-cnt  density,  volta^^e,  etc. 

( 'olihMitz  ami    1^'ulloii    (l!l'_M)   showed  th;i1    for  h)\v   iiitfiisit  ics  of  iilti-;t 
vinh't    radiation   a   st iiuuhit  i(»ii   of   hactcria!    <:r()\vtli   may   |)(js.sil)ly   occur, 
whcfcas   f(ti-   hiu'h    intensities  a    l)actericidal   "tfect    is  obtained. 

e.  Son/-((    of   I'll farioh  I 

Patton  (1926)  rei)orted  that  a  water-cooled  ([nartz  niercnry  lamp  is 
far  more  desirable  for  bactericidal  action  than  an  air-cooled  one.  A 
XatioTial  Tarbon  (V»mpany  pamphlet  (references)  describes  carbons  A 
to  K,  and  states  that\*arhon.s  of  type  B  or  K  jzive  a  spectrum  more 
like  a  water-cooled  quartz  mercury  lamp  tlian  the  other  types,  and  that 
the  rays  <ziven  from  them  are  nnn-e  hi^ddy  ])actericidal  than  those  from 
other  carbons. 

f.  Dosaar  of  Irradiaflon 

O'Donnell  (1927)  showed  that  small  doses  of  ultraviolet  rays  can  in- 
crease irritability  whereas  lar^re  doses  can  act  as  depressants,  and  that 
the  irritabilitv  is  not  due  to  increased  permeability. 
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cr.      f'o}()h(fracti)}(/   Projy  rfn  s 

Pech  (1920,  1925),  Le  l»on  (1920),  and  Penoit  and  Ilelbronner 
(1923)  sup"<zested  that  tluM-e  are  numerous  cases  in  v.dnch  the  physico- 
chenncal  reactions  are  affected  in  difl'erent  manners  by  different  radia- 
tions, thus  causing'  a  counteract in«»-  effect.  That  the  longer  wave  len*xths 
of  ultraviolet  are  stinndative  to  develojiment  whereas  the  shorter  ones 
are  lethal  was  shown  by  lli*jr«rins  and  Sheard  (1926).  Jlinrichs  (1928> 
stated  that  the  amount  of  radiation  in  a  given  region  of  the  spectrum, 
which  is  absorbed  by  the  protoj)lasm  in  a  given  period  of  time,  deter- 
nnnes  whether  there  will  be  an  increase^  or  (hH-rease  of  the  physiological 
])roces.ses. 

(\     Effp:(t   of   T'ltraviolet   Pays  ox   VAiiiors   Keacttoxs   axd   Sru- 

STAXCKS 

Povie  (1913)  showed  that  irradiation  with  ultraviolet  coagulates  pro- 
teins. The  toxic  action  of  light  on  protoplasm  probably  results  from 
the  absorption  of  light  by  aromatic  amino  acids  which  are  constituent^ 
of  cell  protein  |  Houghton  and  Davis  (1914),  Harris  and  Hoyt  (1917. 
P)19)  and  Pincussen  (1924)].  Gates  (192S)  reported  that  nuclear 
derivatives  are  also  probably  responsible  for  the  absorption  of  ultra- 
violet radiation.  Povie  (1913)  showed  that  light  coagulation,  like  heat 
coagulation  of  proteins,  involves  two  reactions  of  different  temperatui'' 
coefificients.      Pincuss<^n    (1924)    reported    that    colloids   generally   tenl 


toward  greater  aggregation  under  ultraviolet  light.  Mi^schenko  (1927) 
stated  that  proteins,  of  low  molecular  weight  only,  undergo  cleavage  on 
irradiation.  Spiegel-Adolf  (1929)  made  a  number  of  physicochemical 
studies  on  irradiated  proteins.  Janet  Clark  (1922)  stated  that  the 
({uantity  of  charge  carried  by  protein  })artich'.s  can  be  altered  by  ex- 
posures to  ultraviolet  light,  but  that  precipitated  coMoid  retains  its 
characteristic  chemical  pro])erties.  Koertz  (l!»23)  sngu'ested  that  ir- 
radiation affects  cell  protein  rather  than  surface  colloids.  Mond  (1!)22. 
1923)  noted  a  difference  in  the  effect  of  ultraviolet  iri-adiation  of  al- 
bunnn  solutions  versus  globulin  and  fibrinogen  solutions.  Abdcr-lialden 
and  Kossner  (1928)  gave  ultraviolet  absor})tion  curves  of  alpha  amino 
acids,  polypepides,  etc.  Marchlewski  and  VVierzuchowska  (1928;  did 
th<'  same  for  proteins. 

Working  witli  egg  albumin  sn.sppnsiono!^  Clark  (1922)  concluded  that 
irradiation  produces  a  state  of  greater  aggregation  when  the  albumin 
particles  are  negatively  charged  and  one  of  greater  dispersion  when 
they  are  uncharged  or  charged  positively.  When  the  pll  is  less  than 
4.8  (isoelectric  point)  the  supposed  escape  of  electrons  (photoelectric 
effect)  following  irradiation  increases  the  quantity  of  the  positive  elec- 
trical charge.  Negatively  charged  ])articles  lose  part  or  all  of  their 
charge  and  may  become  positively  charged,  flayer,  p.  352  (1926), 
states  that  irradiation  of  proteins  nmy  cause  changes  opposite  to 
coagulation. 

MacCallum  (1916)  states  that  cell  lipoids  are  sensitized  by  ultra- 
\iolet  rays  and  are  thus  prepared  for  enzymatic  decomposition.  Be- 
cause of  greater  intensity  of  this  enzyme  action,  tissues  may  be  de- 
stroyed by  autolysis  or  lysis.  8cliwarz  (1903)  thought  that  light  action 
may  be  largely  due  to  liberation  of  lecithin.  Scliulz  (1910)  and  lloff 
man  (1919)  attributed  toxic  action  of  light  to  i)hotoproducts  of  the 
lecithins. 

There  are  some  authors  who  believe  that  the  effects  of  ultraviolet 
light  on  cells  and  tissues  are  ex|)laine(l  by  its.  action  on  cellular  enzvmes 
1  Bering  and  Meyer  (1912),  Xeuberg  (1914),  and  Pincussen  (1923)  |. 
Agulhon  (1911)  divides  enzymes  into  three  classes  on  the  basis  of  the 
effect  of  radiations  upon  them.  There  are  numerous  articles  to  show 
that  ultraviolet  light  inactivates  enzymes  [Ziber  (1913),  Purge,  Fisher 
and  Neill  (1916),  Svanberg  (1921),  Pincussen  et  al.  (1923-1929), 
(^dvin  (1930),  Gorbach  and  Lerch  (19:50),  and  Morgulis  (1930)].  No 
influence  on  the  catalvtic  activitv  of  enzvmes  was  rei)orted  bv  Kawakami 
(1929)  and  by  Takanuija  (192!)). 

D.     Meciiaxism   of   Pactfkk  idal  Actiox   of  Lkjht 

In  accordance  with  the  laws  of  i)hotochemistry,  bactericidal  rays  must 
be  those  that  are  abs()r])ed  by  the  material  acted  u))on.  When  ultra- 
violet rays  were  passed  through  a(pi<'ous  bacterial  susjiensions.  and  the 
spectrum  of  the  emergent  rays  j)hotographed.  Browning  and  Puss 
(1917)  and  Bayne-Jones  and  Van  (lev  Lingen   (1923)   found  absorption 
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bands  in  the  region  of  the  rays  which  killed  the  bacteria.  Henri  (1913) 
showed  that  rays  which  have  the  maximum  bactericidal  power  are 
absorbed  by  i^roteins. 

In  expi^riments  in  which  solutions  of  tyro«in  and  aminobenzoic  acid 
ill  (juartz  beakers  were  interposed  between  the  soui'ce  of  the  ultra- 
violet rays  and  tlie  });iet<'ria,  Harris  ;nid  Iloyt  (liMT,  li)l!))  .stated  tluit 
bacteria  were  ])rotected  for  lonji;  times.  Houghton  and  Davis  (11)14; 
rei)()rted  that  aromatie  and  not  alij)hatie  amino  acids  are  the  protective 
a^'vnts. 

Some  autliors  have  t]iou<j:-]it  that  the  nucl<Mis  of  bacteria  ap])ears  to 
be  more  ab»sor])tive  than  the  remaininj]^  ])Oi'tion  of  the  cell,  antl  that 
the  nuclei  are  attacked  and  thus  the  intracellular  enzymes  are  destroyed, 
a  process  leading  to  death  of  the  organism.  This  theory  i^  not  generally 
acet;pled,  aeeurding  iu  Burge  (1916,  1917).  It  is  true,  however,  thai 
the  nuclei  contain  substances  which  are  especially  sensitive  to  ultra- 
violet rays  (such  a»s  phen\'l-alanin  and  tyrosin)  to  a  much  greater  ex- 
tent than  other  tissues  |Gates  (1928)],  and  perhaps  it  is  the  i)ronounced 
presence  of  these  two  substances  which  makes  a  bacterial  cell  more  re- 
spomsive  to  radiation  than  a  normal  tis^sue  cell  (p.  212,  Luckiesh  and 
Pacini,  1926). 

The  tendencv  has  been  to  jsay  that  the  lethal  etfect  of  ultraviolet 
rays  is  not  due  to  any  germicidal  substances  Mich  as  hydrogen  i)eroxide 
and  ozone,  ])rodiiced  in  the  medium  or  environment  |  Courmont  (1911), 
Bujwid  (1911),  Blom  (1913),  Harris  and  Hoyt  (1917),  Fair  (1920)] 
yet  Bedford  (1927)  maintained  that  the  ultraviolet  rays  exert  an  in- 
fluence on  microorganisms  by  virtue  of  the  hydrogen  i)eroxide  which 
tlH'y  ])roduce  within  themselves.  Coblentz  an(l  Fulton  (1924),  believ- 
ing that  no  toxic  chemical  sukstances  ])roduced  by  the  action  of  the 
rays  on  the  medium  are  res])onsible  for  killing  of  bacteria,  stated  that 
when  the  media  used  were  given  greatly  j)rolonged  })reexposure.s,  sub- 
se(juent  seeding  of  B.  coli  on  the  surface  of  the  ])reexi)osed  agar  gave 
little  or  no  growth,  and  that  the  effect  is  not  due  to  heat  radiation. 

In  view  of  the  fact.s  alreadv  cited,  Norton  (pj).  374-377,  Jordan  and 
Falk,  1928)  and  Glaser  (j).  245,  Ellis  and  Wells,  1925)  believe  that 
the  lethal  mechanism  is  a  direct  one.  In  view  of  the  fact  that  ultra- 
violet rays  produce  changes  in  both  inorganic  and  organic  colloids 
[Cernovodeanu  and  Henri  (1910),  Clark  (1925)],  which  changes  are 
])robably  accom])anied  by  changes  in  charge,  Norton  (loc.  cit.)  recently 
suggested  that  the  changes  which  bacteria  suifer  wiien  <'X|)osed  to  ultra- 
violet rays  are  "accomi)anie(l,  })erhaps  i)receded  by,  changes  in  the 
electrical  charges  of  the  bacteria."  This  hypothesis  was  also  made 
by  us. 

Of  very  s])ecial  interest  are  a  number  of  papers  reported  after  or 
about  the  time  this  work  was  started,  all  of  which  lielped  to  strengtlu'ii 
the  hy])othesls  just  stated.  Beaver  and  ]\Iuller  (1928)  stated  that 
some  red  gold  sols  change  to  blue  on  ex])osure  to  ultraviolet  rays,  but 
by  prolonged  irradiation  they  are  i)ej)tized  to  stable  red  sols.     Kecent 
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work  on  phagocytosis  [Falk  and  Matsuda  (1926),  Ponder  (1926)], 
Abramson  (1927),  Mudd  et  al.  (1928),  Lucke  et  al.  (1929)]  makes  it 
apparent  that  the  organisms  which  are  more  readily  and  more  exten- 
sively phagocyted  have  the  lower  potential  difference.  Falk  and  Reed 
fl926),  working  on  the  alterations  in  cell  electrophoretic  potential 
produced  l)y  direct  irradiation  of  blood  in  vivo,  showed  a  slight  de- 
crease of  potential  ditVerence. 

or  very  sjx'cial  interest  also  are  the  numerous  ])ai)ers  recently  pub- 
lished on  the  relationship  between  potential  difference,  chargel^  viru- 
lence, etc.  I  Win.slow,  Falk  and  Caulfield  (1!!23),  Falk  and  coworkers, 
and  densen  and  coworkers  (P)25-193() j,  Shaughnessv  and  Crisswell 
(1925),  Tittsler  and  Lisse  (1928),  Zucker  (1929),  Kane  (1929)]. 

Prior  to  these  reports  there  have  been  several  Tiiinor  reports  of  such 
a  parallelism  [Girard  and  Audubert  (1918),  Shearer  (1919-1922), 
Northrop  and  Delvruif  (1922)].  P]xperiments  with  bacteria,  patho- 
genic for  plants,  gave  similar  parallelisms  [Sharp;  Link  and  Sharp; 
Falk,  Sharp  and  Link  (all  1927),  and  Link  (1928)].  For  relationships 
between  ''Smooth"  and  "Rough"  strains  and  between  virulence  and 
l)otential  difference  see  Hadley  (1927,  1928),  Jacobson  and  Falk,  Link 
and  Hull,  Sharp  (all  1927),  and  Kahn  and  Schwarzkopf  (1931). 

In  view  of  the  relationship  between  virulence  and  ])Otential  difference, 
(uie  might  ask  by  what  constituents  or  properties  of  the  cell  the  poten- 
tial difference  is  determined.  The  answer  might  lie  with  permeability 
phenomena,  if  tne  origin  of  the  i)otential  difference  is  explained  on  the 
basis  of  the  Donnan  eriuilibrium  [Winslow,  Falk  and  Caulfield  (1923)], 
or  with  the  eff(H't  of  specific  soluble  substances  (toxins,  etc  )  on  the  cell's 
charge  [Cole  (1917),  Felton  and  Bailey  (1926),  Sia  (1926),  Heidel- 
oerger  (1927)],  or  a  combination  of  the  two  [Jensen  (1926,  1927) 
Falk,  p.  573,  Jordan  and  Falk  (1928)]. 

Since  the  Donnan  equilibrium  is  thought  by  some  to  be  related  to 
the  electrophoretic  ])otential,  and  since  many  colloid  chemists  think 
that  siudi  ])otentials  and  thermodynamic  iiotentials  are  not  the  same 
thing  (see  for  instance  Kruyt,  1927),  it  might  be  well  to  quote  from 
a  summary  of  a  i)aper  by  Loeb  (1923)  on  membrane  i)otentials  and 
ehM'trophoretic  j)()tentials :  "The  forces  inherent  in  tlie  protein  particles 
and  linked  with  the  membrane  e(piilibrium  ])revail  to  such  an  extent 
ov<u-  the  forces  inherent  in  the  water,  that  the  sense  of  the  cataphoretic 
migration  of  ])rotein  particles  is  determined  by  tlie  forces  resulting 
from  the  membrane  e(piilibrium."     (See  also  Loeb,  1924). 

Tn  the  Mayo  Foundation  L(H'tures.  ^lillikan  (1927)  states  that  the 
])hotoelectric  effect  is  im|)ortaiit  because  it  furnishes  the  most  simple 
and  convenient  way  hy  whicdi  charges  on  colloid  particles  can  be 
changed  and  because  the  therapeutic  effects  of  ultraviolet  rays  are  neces- 
sarily fundamentally  attributtvl  to  tln^  fact  that  tli<\v  have  the  j)ower 
of  (h^taching  electrons  from  the  surface. 

Clark   (1922)    pr<)i)osed  a  general  theory  of  light  action  as  it  affects 
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cliang:es  in  proto])lasm,  accordiiifr  to  which  physiolo^irical  actions  of 
radiations  are  due  to  pliotoelectric  action  of  li^ht,  which  by  producing 
an  ionized  condition  in  liu-lit-sensitive  niohn^des,  leads  to  subsequent 
chemical  reactions,  liovie  (If)!;"),  IDIG,  lf)18,  1920,  1925)  |see  also 
I\Iayer  (1!)21),  liovie  and  Daland  (l!)2;n,  p.  .S58,  Mayer  (1926)1 
furtlicr  i'hd)(>rat»'s  llu'  modus  optTaudi  of  tlu*  (\ss('utial  ])riuciph^s  of 
lliis  tlit'oi'v.  Ih'  stales  that  prolophism  i>  a  jxily plia,->o  colloidal  systcni 
whose  interfaces  are  uu)h'(udarly  and  eh'ctrically  orji-auized  and  orient- 
ated, and  tliat  this  oi'iiauizat  iou  is  (h^stroyed  by  (h'ath,  that  the  action  of 
li'j'fit  on  bioeliemical  i-eaetions  involves  the  basic  ])]ienomeua  of  lif<\  and 
thai  tlie.se  arc  (Mtlloi.lal  and  eleeiiacal  |)ln'noiiiena.  The  exi)binat  ions  of 
Clark  and   Uovie  liave  been  looked  ujjou  as  the  best  yet  otf(U-ed. 

Hovie  (191;))  noted  that  if  the  decom]iosition  of  the  ])rotein  molecule 

is  a   stimulation  of  the  cell,  but  that   this  stimulation,  if  not   followed 
bv  recoverv,  is  followed  bv  Ivsis. 

Though  it  would  take  us  too  fai-  afield  to  make  a  com])lete  review  of 
Lillie's  chapter  in  Cowdrv's  Cvtologv  (1924)  entitled  "Reactivity  of 
Cell."  sut^ice  it  to  .say  that  he  calls  attention  to  the  fact  that  all  re- 
activity of  cells,  be  it  stimulation,  recovery,  or  response,  is  accomj)anied 
by  variations  in  the  electrical  potential  and  by  changes  in  permeability. 
The  electrical  ])()tential  referred  to  is,  however,  of  tiie  membrane  type 
and  ])erha])s  due  to  a  Donnan  e([uilibrium. 

As  a  result  of  studies  of  the  temperature  coefficient  of  the  effect  of 
liirlit  on  bactei-ia  bv  UaN'ue-Jones  and  Van  der  Lingen  (192.'i),  Iliggins 
and  Sheard  (:]92(i),  Dognan  and  Tsang  (1928),  and  (Jates  (1929b),  it 
does  not  ai)peai-  impossible  that  the  j)rimary  i'tfect  of  ultraviolet  irradi- 
ation is  structural  in  natur(\  Ixnng  a  change  in  permeability  of  cell 
nn'mbrane.  or  a  change  in  the  colloidal  substratum  and  surface  layer 
of  ])i'oto])lasm  i'rom  which  si)ecitic  chemical  <'ffects  follow.  One  must 
not  foi'get,  however,  that  most  ])h()tochemical  ])i-ocesses  have  snudl 
temi)erature  coefficients,  ami  thus  ])assibly  draw  erroneous  conclusions 
(from  a  study  of  temperature  coefficients)  relative  to  that  reaction 
which  controls  the  velocities  of  a  comj^lex  series  of  reactions. 

Still  other  viewj)oints  on  the  mechanism  of  the  action  of  ultraviolet 
rays  on  cells  are  those  of  Xoack   (1920)   and  Tchahotine   (1921). 

In  con(duding  the  discussion  of  the  mode  of  action  of  ultraviolet  light, 
we  will  quote  from  (p.  74)Iiaurens  (1928):  "It  is  evident,  while  we 
are  in  ])ossession  of  an  enormous  amount  of  information  concerning 
the  results  of  irradiating  man  and  ainmals,  normal  and  abnormal,  we 
are  not  vet  readv  for  (\\i)lanations  and  generalizations,  and  no  unitary 
hypothesis  as  to  how  the  results  descrihcd  are  obtanied  can  yet  be 
formulated.  We  still  staml  in  need  of  facts  obtained  under  definite, 
controlled  conditions  of  dosage,  intensity,  wave  lengtli,  etc.,  on  normal 
and  abnormal  oi-gaiusms.  and  when  sufficient  (plant itative  data  have 
been  thus  obtained  a  theory  will  develo])  as  a  matter  of  course. 
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E.  Electropiioretic  and  Agglutination  Studies  with  Bacteria 

For  a  comprehensive  review  of  electrophoretic  studies  with  bacteria 
and  of  bacterial  agglutination  see  Tittsler  and  Lisse   (1928). 

F.  Lysis 

Hovie  and  liuglnvs  (]!)18.  1919;  in  studies  of  cytolysis  caused  by 
radiation  state  that  the  percentage  of  cytolysis  increased  with  length 
of  exposure,  and  that  it  occurs  wlien  a  certain  amount  of  a  toxic  photo- 
jtroduct    is   formed. 

The  Problem 

Knowing  that  radiation  kills  bacteria  and  that  the  ultraviolet  portion 
oi  the  spectrum  is  the  more  active  i)ortion,  especially  in  its  shorter 
wave  lengths,  and  reasoning  that  the  radiation,  when  absorbed,  could 
cause  some  change  in  the  protein  and  other  colloids  of  the  bacterium, 
probably  a  coagulation  wdiich  would  affect  the  permeability  of  its  mem- 
brane and  therefore  the  Donnan  equilibrium  and  the  ionic  environment, 
we  came  to  the  conclusion  that  a  change  in  the  electrokinetic  potential 
of  the  organisms  would  accompany  the  process.  Reasoning  according 
to  the  theoretical  views  held  by  Clark  and  by  Bovie,  and  knowing  that 
most  organisms,  Escherichia  coli  included,  are  negatively  chargeTl,  we 
again  arrived  at  the  conclusion  that  the  irradiation  would  be  accom- 
panied by  a  decrease  of  negative  potential. 

Knowing  that  ultraviolet  radiations  possess  an  inactivating  and  bac- 
tericidal power  and  having  j)reviously  suggested  (as  have  others)  that 
electrokinetic  potential,  agglutinability  and  virulence  are  related,  the 
suggestion  again  presented  itself  that  the  electrokinetic  ])otential  would 
be  affected  by  such  radiation.  Our  previous  Avork  suggested  that  de- 
creases in  potential  difference  should  parallel  abilities  to  be  agglutinated. 

There  was  enough  written  historically  to  make  us  ready  to  accept  an 
initial  stinndative  effect  if  it  should  be  found,  and  to  look  for  a  change 
in  the  ionic  concentration  of  the  bacterial  medium. 

This  part  of  the  ])a])er,  th<^refore,  attempts  to  show  that  the  ultra- 
viol<»t  irradiation  of  a(pieous  suspensions  of  washed  living  Esch.  coli, 
except  on  very  brief  irradiation,  brings  about  a  decrease  in  electro- 
phoretic potential  (charge)  which  is  paralleled  by  greater  agglutin- 
ability and  that  any  explanation  of  the  effect  of  irradiation  must  take 
into  consideration  a  mechanism  which  can  account  for  this  change  of 
charge.  Lysis  and  bactericidal  effects  which  accompanied  irradiation 
were  studied. 

Since  there  was  a  ]K)ssibility  of  a  change  of  electro])horetic  velocity 
being  produced  during  storage  of  rayed  and  unrayed  samples,  or  dur- 
ing exposure  of  samples  to  the  atmosphci-e  of  the  laboratory  in  which 
the  irradiation  took  place,  experiments  were  performed  to  demonstrate 
that  any  change  observed  wms  not  due  to  these  factors. 
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Technique 

A.     Preparation  of  Srsi'ENSiox 

Cultures  of  Esch.  coli,  <'towii  on  ])roteose-peptono  a^^ar,  were  siis- 
l)ende(l  in  distilled  watei-  of  ])I1  (i.O  to  {).'\,  e.ssentially  by  the  teehni(pie 
reported  hy  Tiltslfr  and  Lis.sc  fl5)'JSi.  These  snsjx'nsions  were  not 
lieat-kiHeil. 

B.        iKIiAOIATIOX 

('.sin</  a  carhon-ai'e  lamp,  supplied  with  "  Thei-a  p(Md  ie  IT'  earlxMi 
eleetrodes  in  order  to  obtain  a  hi.uh  proi)ortion  of  bactericidal  rays, 
an(]  operating''  at  approximately  90  volts  and  ',\  amperes,  25cc.  of  the 
bacterial  suspensions  approximately  8  mm.  deep,  in  larjj^e  Petri  dishes 
(with  covens  oft'),  at  a})proximately  :]()"('.,  were  irradiated  at  )i5.6  cm. 
from  the  electrodes  at  intervals  of  time  varyint]^  from  2  to  60  minutes. 
At  the  same  time  other  sam])les  were  exjiosed  to  the  laboratory  environ- 
ment in  a  similar  manner  for  .similar  tiines.  After  such  treatment 
the  suspeiisions,  made  up  to  the  orifrinal  volume  with  distilled  water 
in  order  that  comparative  figures  could  be  obtained  in  all  tests  made, 
were  placed  in  rubber-.stoj)])ei'ed  flavsks.  These  sam])les  as  well  as  the 
unrayed  and  exposed  samples  were  now  ready  for  the  electrophoresis 
studies,  which  wei'c  never  made  later  than  ten  hours  after  treatment, 
and  usually  very  much  .sooner. 

The  lamp  was  permitted  to  o])erate  for  five  minutes  prior  to  irradia- 
tion thus  assurin«r  constant  liuht  intensity  and  (piality.  All  ^rlassware 
was  cleaned  with  the  ntmost  care.  Some  of  the  irradiation  was  done 
throujrh  Corex  A  «rla.ss.  whi(di  was  lat<'r  omitted  because  it  delayed  the 
etfect  of  the  irradiation. 

r.     Storaoi:  Axn  Kxpost're 

Eiectro})horetic  measurements  were  nunle  on  samples  of  the  arpieous 
bacterial  suspensions  of  non-ii-radiated  bacteria  after  all  the  other 
measurements  of  the  irradiat<Ml  sam])les  were  made,  and  al.so  on  sus- 
))(Misions  \vhi(di  stood  exposed  in  Petri  dishes  near  to  the  carbon-arc  lamj) 
durinjT  the  time  of  irradiation  but  whi(di  did  not  reccdve  the  radiation. 
The  former  were  called  ''stored"  and  the  latter  ''exposed."  These 
measurements  s'M-ved  to  .show  tliat  stora^^e  and  exi)osure  to  the  atmos 
phere  of  the  laboratory  durin«r  ii'radiation  were  not  the  causes  of  any 
(dian^^es   in   elect rophoretic  vehxdty   which   were  observed. 

D.       ]\lEASrREMENT    OF     KeFCTROIM  lORKTK '    VELOCITY 

The  electroplio!"etic  nu'asur<'ments  w<'re  made  in  a  Xorthrop  Kunit/ 
cell  as  described  by  Tittslcr  and  Lisse  (1!)'2S)  with  these  exceptions; 
(a)  No  salt  .solution  was  use<l  in  the  tiiud  washinnr  of  tlu'  cell  sinet 
afpH'OUs  susi)ensi()ns  wei-e  used,  (b)  The  nntrration  velocities  of  bac- 
teria were   read   across  a   distance   of   -M)   micra  under  direct  current 
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of  approximately  90  volts  and  a  potential  -radient  of  approximatelv  ^ 
(c)  Keadinn:s  were  made  at  depths  1/6,  5/12,  1/2,  and  7/12  20  to 
30  readings  bein-  taken  at  depths  1/6  and  1/2  and  enou-h  (usuallv 
n))  at  0/1 J  to  7  d2  to  ascertani  that  the  proper  dei)ths  were  actually 
attanied,  known  by  th(^  fact  that  readino-s  at  depth  1  2  showed  a 
maxiiuuiu  m  accordance  with  tli.'  Sniohi.diowski  cnrvf  (1!)21)  The 
riiaximum  veloeities  an-  relative  value.s  and  -ive  tie"  sum  of  (deetro- 
i'lioretie  velocities  and  those  due  to  return-flow  of  water  previously 
I)Ut   in  motion  hy  elect  roendosniose. 

_    Actual     cl<>ctropli,,iTtic     v.docitics     were     obtained     accordin--     to     the 
lonnula: 

V=3/4  V'  at  1/6  -f  14  V'  at  12, 


maximum    (relative)    and    actual    velocities  are   calculated   in 


a.iHi    Oi)ser\rd    selociiies    resj)eciiveJv. 


Both 


sec. 


per     volt     a.s  averaged  avera<;-es,  which  means  that  the  readinj^s  made 
cm. 

at  each  dei^th  were  avera^red  and  then  used  to  calculate  an  avera«re 
value  for  actual  and  maximum  values  of  minfration  velocities  for  each 
sample  prepared.  If  the  elect roi)horetic  work  on  anv  .sample  was  re- 
I)eated,  such  averajjfe  values  were  a<i-ain  obtained.  AH  such  averages 
were  avera«rcd  to  <xv\  what  is  called  an  averaged  avera<i-e  in  the  work 
r<'i)()rted.  If  the  tinal  value  i'ei>orte(l  is  one  resultifm-  from  tw(dve 
avera<rcd  avera«res  it  means  the  twelve  samples  were  prepared  at 
twelve  different  times  from  twelve  different  sets  of  slants,  and  an 
avera^^ed  averajze  obtained  in  each  case,  the  avera*re  of  these  ^dvinj,'  the 
final  value. 

E.       Ac.GLUTINATIOX    STUDIES 

The.se  studies  were  made  practically  as  described  by  Tittsler  and 
Lisse  (1928).  Two  antisera.  pi-eserve(i  by  jxlyceriue.  and  of  ecpial  a^'-- 
^dutinatin<i-  ability  were  used,  ami  the  results  avera^^ed.  The  bacterial 
susp{'nsions  were  mixed  with  the  antisera  in  e(|ual  ])arts  at  the  differ- 
ent dilutions.  1.7  ])ei-  cent  sodium  (ddoidde  was  used  in  makin<r  the 
serum  dilutions  so  that  a  I'oncentrat  ion  of  .S')  per  cent  would  be  ])res- 
ent  in  the  final  dilutions.  The  tubes  were  read  at  definite  intervals 
after  24  to  6(5  hours  incubation  at  37  ('.,  ".')"  indicating-  com))lete 
flocculation  and  (dearin^^  su(di  that  the  medium  had  beconu'  watei'  (dear, 
and  "1   2"  the  sli<ihtest  ajzirlutination   I'ccordable. 

F.     Lysis 

To  determine^  the  lysin^-  effect  of  iri-adiatiou  dii-ect  counts  were  made 
usin«r  the  method  ^n-nei-ally  employed  for  the  enum<'ration  of  bl(H)(l 
corpuscles  (Kohm^r,  li)2r),  j).  194).  Avera^re  results  of  duplicate  counts 
of  25  one  four-humlredth  s(\.  mm.  areas  are  reported  in  terms  of  bac- 
teria per  cc.  of  suspension  used  and  in  \)vv  cent  decrease. 
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G.     Bactericidai.  Studies 

To  show  that  irradiation  of  the  bacteria  was  or  was  not  accompanied 
by  death,  duplicate  i)latin<j:s  were  made  immediately  before  and  after 
irradiation.  The  usual  bacteriolo<rical  ])rocedure  of  making::  quantita- 
tive ])latc  counts  was  followed.  Xutricnt  ai^'ar  was  u.sed  and  the  colonies 
were  counted  at'tfi-  'J 4  liour.s  incubation  at  'M  (\  The  number  of 
viable  bacteria   per  cc.  was  calculated. 

Experimental  Results 

A  typical  set  of  elect  rophoi'c.sis  data,  lining-  the  Northrop  Ivunit/  cell, 
is  presented  in  Table  I. 

TABLE    I 


VoitHt'*'-   <H»  r« 


DistHTifo   J)Ol\v('(ni    t'k'ctrfxics    2!».!)   ciii. 


Potential    eradii'iit:    .S.o:'. 


Distance   traveled   :!()(>u 


Time   in    .seconds 




21.84 

23.28                  1 

5.30 

5.29 

1>.5.S 

10.48                   1 

5.08 

5.00 

17.22 

19. 4H 

4.96 

5.41 

17.54 

18.30 

6.18 

5.29 

16.20 

18.58 

5.38 

5.41 

\t  depth  1  r. 

current  reversed                         | 

c 

urrent  reversed 

At 

deptti    1  2 

■ 

(jr  0  12 

18.98 

19.70 

5.39 

5.11 

19.74 

It;. 74 

.').(>;". 

:>:::.', 

21.28 

i^.4<; 

5.28 

.-..25 

17.24 

17.12 

:.  (x; 

,-..12 

17., -.4 

22.10 

5.45 

5.48 

1>.';1«')     Average 

1I>.(>24 

."..21;! 

AveraKc          .■..2t:9 

18.82 

r>.19 
.'. .  42 
.'>.32 
5.21 
5.55 

r..c.7 

5.93 
.')..'/) 
5.73 
<;.(>7 

.-. .  24 

At  depth  .")  12 

current   reverse 

^d 

current   reversed 

At 

depth    7  12 

,'. .  2() 

.'..(•-7 

5.26 

.-..57 

5.14 

.^..70 

.-..If. 

5.73 

r..2<> 

♦"..(>.'> 

Average 

:> .  27 

.^. .  7r, 

T\HiK  II.    ^n(;H\Tl()^•  vki.ocitifs  (IN  mk^ra   pkr  skc.   pkr  vot.t  pkr  cm.) 

MAXIMTM   VAIIKS    (AT   DHT'l'II    1   2)    rSING    COKKX    S('RKKN.    SKK    (UtAPH    I. 


Treatment 

Num 
avera^oi 

her  of 
ave^a^'es 

Migration 
velocity 

Per  cent 
chauK'- 

Son-irradiated                            

12 

2<K2(i 

•> 

Irradiated    2,    ,'l   or   4   niin 

17.,-.1 

-    13.») 

Irraih'ated   .'»   or    1<>   iniii.    ..  

3 

IS. 84 

—  7.0 



Irradiated    1,'.    tiiIii.      

n 

17.13 

—15.4 

<•) 

Irradiated    ;,o    min. 

17.71 

—  12.6 

Irradiated    ('k»    min.    

2 

9 

l.^.H* 

—  7.2 

Non-irradiated     and    exposed 

19.69 

t                -^  2.8 

Non-irradiated    and    stored    -. 

19.96 

—  1.5 

^___ . — 
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TABLK   III.     AS   IN   TABLE   II  BUT  USING   NO   SCREEN.     SEE   GRAPH    I. 


'i'refitinent 


Son -irradiated     

Irradiated    2,    ;;    or    4    min. 

Irradiated    1,'.    min.    

Irradiated    ;ii)    min.    

Irraiiiated    60    min.    

Non-Irradiated    and   exi)o.«ed 
.Non-lrradiate<l    and    .«tored 


Number  of 
averaged  avera^,'e> 


12 


Mit,'ration 
velocity 


Per  Cent 

change 


3 
4 

y 
6 


1 

j 

2(  1 .  L't  1 

21.71 

15.35 

14.78 

15.72 

+  7.2 


—24.2 


9' 


27.0 


I9.(i;> 
19.96 


-22.4 

—  2.8 

—  1.5 


TABLE    IV.     MIGRATION    VELOCITIES    (IN    MICRA    PER    SEC.    PER    VOLT    PER    CM   ) 
ACTUAL  VALUES  (V=3/4  v'  AT  1/6+1/4  v'  AT  1/2)  USING  COREX  SCREEN.  SEE  GRAPH  I 


'I'reatnient 

.Von-lrradiated     

Irradiated  2,  3  or  4  nnri.    ._ 
Irradiated   5   or   10   min.    __ 

Irradiated    15    min.     ... 

Irradiate<l  30  or  60  min.    ... 
Non-irradiated    hut    exposed 
Non-Irradiated    hut    .«tored    . 


Number  of 
averaKed  averaRcs 


Migration 
velocity 

Per  cent 
'            change 

]0.;>9 

-    —   —    — . — 

-    - 

9.S> 

—10.0 

I0.14 

i   .1 

-     —     ---     —    

. _ . _    

!<.89 

—  10.0 

—    -          -     

- 

10.24 

—  o.s 

\\:.\^ 

+  3.5 

10.71 

—  2..-. 

T.XTU.E    V.      .\S    IN   TABLE    IV   BUT   USING    NO    SCREEN.     SEE   GRAPH   I. 


Treatment 

Non-irradiated 

Irradiated  2,    3   or  4   min. 

Irradiated    60   min.    

Non-lrradiate<i    hut    exposed 
Non-irradiated    hut    stored 


Nui.'iher  of 
averat'eil  averatres 


Miprntlon 
velocity 


Per  cent 
change 


9 

10.99 

3 

12.44 

2 

s,97 

7 

1 1 .  .a>< 

o 

10,71 

+  ]".2 
—18.4 
+  3.5 
—  2.5 


w 
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TAliLK    VI.     AGCiLUTlNATlON    vs.    HAYING.     CUREX    SCUEEN.     COOLED.    1/4%    FORMALIN- 
ADDED.      MADE    TO    VOLUME. 


Serum   Dilutions 


Antigon 


40 


80 


\m 


320  640 


■.>i>       2r)<3<.> 


71 
■t-> 


OS 


Not',  irraiiiatf.i 
Irradiated  2  niin. 


Irrailiato<l  r>  iiiin. 


Irradiated  10  iiiiii. 

IrradiatiMi  1.')  miii. 

Irnidiatrd  ;!0  iniii. 

Irradiated  *;0  iiiiii. 


1/2 

0 

0 

0 

0 

0 

0 

0 

0 

() 

0 

0 





0 


0 


0 

0 
{) 
0 
0 


0 

0 

0 

0 

0 

0 

(» 

0 

0 

0 

0 

0 

0 


Nonirradiateii     .-- 
Irrailiatcd    2    iiiin. 


Irradiated    o    miii. 


Irnxiiated    10  nun. 


Irradiated     15    niiii. 
Irradiated    oO    Tuin. 


Irradiated   W   niin. 


4 
4 

-1 
4 

w 

4 
4 


1 

1    2 


1 

1    2 


1 


1 


. . 



—    

1   2 

1,2 





— 

1 

1,2 

{) 

12 

{) 

1   2 

1    2 

0 

0 

1  1   2 

0  0 

1   2 
1   2 


1,2 

0 
0 


Non-irraiiiated     — 

Irradiateil  2    niin. 

Irradiated  5    min. 

Irradiated  10   niin. 

Irradiate<l  l.")  min. 

Irradiated  ."0  min. 

Irradiated  e*^   min. 


1  2  0 

1  2  0 

1  2  <► 

1  2  0 

1  -1  O 

1  2  (» 

1  2  0 


0 
I) 
0 
0 

o 

0 
0 


0 

o 


0 


0 

I) 
(I 

0 
0 


0 

<> 

0 
0 

0 
0 

0 
0 

0 

0 
0 

(► 
0 
0 
0 
0 
0 

1) 

0 
0 
0 
0 
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TAHLE  VII.  AGGLUTINATION  yj.RAYIM;,   No  SCREEN.   COOLED.   L  4%  FORMALIN 

ADDED.  MADE  TO  VOLUME. 


Serum    Dilutions 


AntiK<'n 


Nonirradiateii 


Irradiated  2  min. 


Irradiated  5  min. 
Irradiated    10   niin. 


OS 


Irradiated    ].'.    niii 


Irradiated  ;]0  min. 


■U\ 


H) 


]<;<! 


,;2o 


<i4(i         Jl'.-^O 


2.'j<i<» 


ollid 


i';-J40 


3 
4 
5 


1/2 


0 
1 
5 
5 


0 


0 
5 
5 
5 


Irradiated    GO   min. 


0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

'      4 

2 

1 

0 

0 

5 

5 

5 

4 

2 

5 

5 

5 

4 

2 

'      5 

5 

4 

4 

0 

k) 

5 

4 

3 

clear 
no  pre- 

Non-irradiateci 


eipltate 


Irradiateil  2  min. 


Irradiated  fj  min. 


1 

1   2 


Irradiated  lo  nu'n. 

Irradiat<'d  lo  nn'n. 

Irradiated  .'^0  min. 

Irradiated  Cm  Tiiin, 


1  -1 

1,2 

4 


0 

{) 

(1 

0 

:•! 

•> 

,~i 

."> 

,  1 

5 

5 

4 

0 
0 
I) 
4 

.'1 


0 


_S2 


Noil  irradiated     _ 

Irradiated    2    min. 

Irradiated    ■>>l    min. 

Irradiate"!     ."►    min. 

0 


0 

o 


0 
0 
4 
4 


(I 
0 


0 
0 
1 
•> 


0 

(I 


1  2 


rVHEE    Vlir.     AGGLUTIN.XTIOX     vs.     KXPOSURr:     AT    ROOM     TFMPFR\TURF     TO      \TMOS- 
PHERE  OF  ROOM  IN   WHICH   U  I.TH.X  VIO  I.KT   I..\MP  IS   RUNNI\(^,      lU'T  NOT  FXPnSFD 
TO    UI.TH.WIOI.FT    RAYS.      1   4' c     FORMA  I  IN    ADDFD 


Serum   Dilut'oiiH 


.\iitit:eii 


40 


v<i 


m 

0-  <y  .c 


■3 


as  c3  S 


Non  Irradiated ' !  o 

-Von  irradiated   but  ♦'XjuKed  sn  min      <• 

Non-irradiated  but  exposed  Ijo  min.     1  2 

Non  irradiated      i 

Non  irradiated   but   exposed  .'*>  min.     12 

Nfin-irradiated  but  e\po«pd  120  niin.     i  1   2 

Non  irradiated     ,"!  l  i 

Non  irradiated  but  exposed  Kfi  min          1  O 

Non  irradiated      _. 4  1  2 
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TABIF  IX*   SHOWING  RELATION  BETWEEN  LENGTH  OF  IRRADL\TION  AND 

EXTENT  OF  LYSIS. 


TrtMitiiirnt 

Count 

per  1/4(X>  s 

q.   mm. 

Bacteria  per 

cc.    of    8US- 

IM'iisIon  used 

Per 
cent 

1st 

2ii(l 

Av. 

decrease 

Nun  irrndiu It'll     

4.<.';i 

O.'JV 

3.28 

:;2o,(KX»,<Ki(> 

312,sOO,0UO 

rrrn(iifif  ('( 1    5    iiiiti. 

3.91 
3.23 

3.91 
3.34 

2.3 

Irrailiatt'd    1.")    inin.     

262,400,CK)0 

18.0 

Irra<liatv,i    ;;(p    iiiiii. 

2..')5 
1.47 

2.41 

2.47 

197,600,000 

38.3 

I  rriiitin  tn<)      f'J^      TillT) 

1.42 

1.44 

ll.'),2<X),(KtO 

»;4.o 

\"^         +oV^l^ 


J  » '  1. 


minute  irradiation  was  tlie  shortest  irradiation  period  used  and  all 
plates  of  irradiated  samples  were  sterile,  Avliereas  they  initially  con- 
tained 840 1,320  million  bacteria. 

Discussion  of  Results 

A.     Technique 

It  will  be  observed   in   Table   I   that  the  data  presented  conform  to 
the   Smoluchowski  curve.     Data  that  did   not  thus  conform,  when  the 
Xorthroi)  Kunitz  cell   was  used,   were   rejected.     Accordin<,'   to   Smolu- 
chowski the  velocities  at  the  middle  de])th   (6  12)  should  be  faster  than 
those  on  either  side   (T)  12  and  7/12)   if  the  focusing  was  proper.     The 
middle  ])ortion  of  the  curve  (5  12  to  7/12  depth)  approaches  a  straight 
line    hence  anv  sli<rht   error   in   focusin^r  creates   but   a   slijrht  error  m 
electrophoretic'  velocities   observed.      Furthernu^re    orpanisms   are_  most 
easily  seen  at  that  depth  at  which  they  move  fastest  electrophoretically, 
i   e.,  at  the  depth  1/2.    For  these  two  reasons  the  writers  have  presented 
data  as  maximum   valu<'s.     It   is  true  that  such  values  are  the  sum  of 
electr()i)horetie   and   of   "return-flow"   electroendosmotic   velocities,   and 
are  onlv  relative  values.     They  seem,  however,   to  be  perfectly  proper 
values  to  report   in   a  (•om])arative  study,   provided   the  *' return-flow 
("lectroendosmolic  veloeitv  is  always  the  same  at  any  depth  under  con- 
sideration, which  should  be  the  case  ])rovided  the  bacteria  are  ahvays 
suspended  in  the  same  suspension  medium  (water  in  this  ca.se)  in  which 
case  the  electrical   double  laver  between  ^rlass  and  suspensicm   medium 
should   be  c.nstant.   and   provided   the  irradiation  produces  no   change 
in   comi)osition   of  the  dis})ersion   medium,  which   in  turn  mij^ht   cause 
a   chan.^e   in   electroendosmotic  velocity    (an    increase   m    pll    lias    Deen 
observed)        A-ain,    since    the    se(iuence    of    the    actual    electrophoretic 
velocities  in   the  main   resembled   that  of   the  sequence  of  the   relative 
(maximum)    velocities,    it    mi-ht    be   argued    that    whatever   chancre    m 
electroendosmotic   velocity   was  produced   was  not   of  any  ^veat  conse- 
quence. 

count    X   dilution   x   depth   x    fraction    of   sq.    mm.    x   cu.    mm.    pern,,  cm. ^bacteria  per  cc. . 
then'fore  4  x  20  x   10  x  400  x  l  .0<)O.--320.(l^)O.0O(). 
•This  table  rompiled  from  data  obtain..!  witli  tho  technical  assistance  of  Mr.^.  Sara  W.  Phillips. 
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In  order  to  report  actual  electrophoretic  velocities,  readings  were 
made  at  depth  1/6  in  the  Northrop  Kunitz  cell,  a  depth  located 
on  a  very  steep  part  of  the  Smoluchowski  curve.  It  follows  that  any 
slight  variation  m  focusinjr  will  brino-  about  a  rather  large  error  in 
electrophoretic  velocity.  Since  this  value  is  multiplied  bv  M  4  wherccLs 
the  value  at  1/2  is  multiplied  only  by  1  4,  it  follows  that  aiiy  sli-iit  eri-or 
m  focusing  at  1  (1  will  nmkc  a  I'clativcly  lariic  error  \\\  1 1 le  actual 
values  reported.  IJcsidcs.  organisni.s  are  ihoim^  difticult  to  sec  at  depth 
1  ()  because  they  move  so  slowly  esi)("cially  when  they  have  been  rayed 
for  a  time  suflicient  to  dccr<'asc  tlicir  cliai-gc  coiisi(lerably.  It  is  'for 
tlii.s  latter  reason  c.sp<'cially  that  the  writers  wer-e  prompted  to  abbrev- 
iate Table  V. 

B.  Storage  and  P]xposuke  do  not  Affect  Feectropttorfttc  Readings 

From  Tables  II  to  V  inclusive  it  can  be  seen  that  storage  of  unrayed 
bacterial  suspension  was  not  the  cause  of  changes  in  electrophoretic 
velocity  reported.  The  average  of  maximum  values  of  stored  non-irradi- 
ated samples  was  but  1.5  per  cent  les.s  than  that  of  non-irradiated 
samples,  and^  that  of  actual  values  but  2S^  ])er  cent  less,  values  con- 
sidered within  limit  of  error  of  :]  i)er  cent  previouslv  reported  bv 
Tittsler  and  Lisse  (1928).  This  means  that  the  suspension  can  be 
])repared  in  large  quantities,  and  if  stored  in  the  ice-box  in  rubber- 
stoppered  Erienmeyer  flasks  (the  authors,  in  unpublished  data,  have 
found  that  cotton  plugs  will  not  always  suffice)  it  can  be  used  subse- 
quently for  studies  on  the  etfect  of  irradiation. 

In  similar  uni)ublishcd  studies  one  of  us  (Lisse)  has  found  that  if 
a  sample  (unrayed)  wa»s  placed  in  the  Xorthrop  Kunitz  cell  and  read- 
ings were  made  every  live  minutes  over  a  j)eriod  of  four  hours,  the 
current  being  reversed  every  Ave  minutes,  the  readings  (average  of  10 
stop  watch  readings)  varied  only  from  5.26  sec.  to  5.48  sec.  This  means 
that  any  change  observed  as  a  result  of  irradiation  of  the  suspension 
mu.st  have  been  due  to  the  irradiation,  directly  or  indirectly. 

That  the  change  in  the  electr(»i)horctic  velocity  of  irradiated  samples 
was  not  due  to  the  etfect  of  any  gases  ])roduced  in  the  atmosphere 
during  irradiation,  or  to  the  effect  of  any  gases  originally  ])r(^sent  in 
the  atmosphere  can  be  gleaned  from  Tables  II  to  V  inclusive.  The 
average  maximum  value  of  "non-irradiated  and  ex})osed"  samph's  was 
but  2.8  per  cent  less  than  that  of  non-irradiated  samples,  and  that 
of  actual  values  only  .'5.5  per  cent  greater.  This  means  that  exposure 
to  atmosphere  of  the  laboratory  during  the  j)rocess  of  iri-adiation.  for 
times  similar  to  time  of  irradiation  of  the  samples  rayed,  had  practi- 
cally no  effect  on  electi'oi)horetic  velocity. 

C.  A  Change  in  Potential  Difference  Accompanies  Irradiation. 

That  ultraviolet  irradiation  did  change  electrophoretic  velocity  can 
be  seen  in  Tables   II  to  V,  and  Graph  1. 
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The.se  data  indicate  tliat  tlie  etTeet  niiprlit  be  stiniiilativo  initially, 
later  beeominj,'  destructive.  This  is  indicated  hy  an  itiitial  slitrlit  in- 
crease in  electrophoretic  vehn-ity  i'oUowrd  by  ;i  nmch  <ri-eater  decrease 
as  the  irradiation  is  prolonprcd. 

The  data,  hoAvever,  show  some  discrc|)ancies.  When  the  C'orex  .screen 
was  inserted  into  the  earlxni  arc  lain])  the  initial  stimulative  etVcct  was 
not  o])served,  but  only  a  destructive  one.  This  sii<i«rests  that  rays  com- 
in«r  I'roni  a  carbon  arc  ai'<'  of  two  types,  stiniuhitive  and  ;l('sti-uctive. 
and  that  these  play  their  part,  initially  to  varyinp:  de«rrees  ('ei)endin^ 
on  quality  and  intensity  of  tlie  irradiation. 
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That  there  mij?ht  be  an  initial  effect  which  is  different  from  the 
later  effect  and  therefore  that  there  mi-ht  be  an  initial  stimulation 
accompanied  by  a  different  effect  on  electrophoretic  velocity  is  sus- 
pested  by  results  of  Barnard  and  :\rornran,  Beaver  and  Muller  Benoit 
and  Ilelbronner,  IIi--ins  and  Sheard,  Le  Bon,  Mond,  O'Donnell  ajid 
lech.  Amon^^  tlicse  ref<Mvnccs  can  )h^  toiirid  the  id<';i  that  some  li^dit 
waves  ;ire  l)acterici(ial  whereas  olher.s  are  therapeutic  or  plivsioloo^i- 
cally  ac1iv<';  that  liu're  is  ;in  iiiterferiii-  ell'eet  ot  some  li-dit  waves  on 
others,  and  tliat  this  efVect  shcul.l  make  ifself  felt  wlu'ii  a  s(7l  or  bacterial 
suspension  is  i-ayiNJ  for  \aryiiio'  len-ths  of  time.  Thesi^  finding's  su'--- 
^-•est  a  repetition  of  ihis  study,  a  repetition  in  which  the  bacterial 
susi>ensioiis  are  rayed  with  detinite  small  bands  of  rays  of  equal  enerjrv 
content.  i  &>j 


■^  I     1.-^    vj  mi  V      v.H-1  I  fii  n     1 


rom  me  atwve  Tat)ies  that  loner  irradiation  has 
a  ciiarfre-reducinjr  effect  as  observed  in  a  decrease  of  electrophoretic 
velocities.  Witnes.s  decreases  of  27  and  18.4  ])er  cent  in  Tables  III 
and  V  respectively. 

Since  reductions  in  electro]ihoretic  velocities  were  greater  when  no 
Corex  screen  was  used  than  when  one  was  used  this  su?«rests  that  shorter 
wave  lenfrths  were  more  charfre-reducin<r  than  lon^rer  ones.  It  is  well 
known  that  when  such  screens  solarize,  tlie  shorter  wave  lengths  of 
ultraviolet  are  absorbed  to  a  irreater  extent  than  by  a  non-solarized 
screen,  and  that  even  the  latter  (^oes  not  permit  aH  the  ultraviolet 
rays  produced  by  a  carbon  arc  to  pass  thronprh  it.  Hence  one  would 
expect  to  prot  a  <:r<>ater  percenta<i-o  of  shorter  rays,  which  are  more 
bactericidal,  when  the  screen  is  not  used,  and  tJius  miprht  expect  a 
prreater  charn-e-reducinpr  eft'(H't  un(]er  such  conditions,  on  the  basis  of 
the  hypothesis  that  bactericidal  and  charfre-reducinf^  ])henomena  par- 
allel each  other. 


D.     riiiTirAL  DisrrssTox  or  the  Potential  Affected  by  Irradiation, 

AND    ^IfASTKED    ELECTROrnORETICALLY. 

A  decrease  in  elect ro])horetic  velocity,  suprpestinp:  a  decrease  in  po- 
tential difference,  mi<i'ht  be  anticipated  from  numerous  references  in 
the  literature. 

It  miirht  be  instructive  to  analyze  tlu^se  sufrprestions.  for  theoretically 
they  do  not  supfirest  the  same  thinpr.  even  thouprh  they  do  suprfrest  a 
decrease  in  ])otential  ditTei-ence.  Bet  it  be  recalled  that  accordinjr  to 
many  modern  colloid  chemists,  electrophoresis  measures  only  the  zeta 
potential,  an  electrokinetic  ]i()tential.  residinpr  in  a  Ilelmholtz  double 
layfU".  Besides  this  pot(>ntial,  bacteria,  as  well  as  all  other  cells,  are 
known  to  possess  a  membrane  potential,  a  thermodynamic  potential,  due 
to  a  Donnan  equilibrium. 

The  studies  of  Millikan,  Clark,  and  Bovie  suprprest  that  in  decreasinpr 
the  charpre  the  ]ihotoelecti-ic  effect  is  active,  causinp:  electrons  to  be 
emitted    from    the    substances    affected,    thus    causinpr    preci|)itation    of 
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proteins,  and  the  loss  of  charge  by  a  negatively  charged  particle. 
Along  with  this  goes  a  disturbance  or  destruction  of  the  oriented  and 
electrically  organized  interfaces.  According  to  many  modern  colloid 
chemists,  "these  effects  must  be  effects  on  the  Ilelmholtz  double  layer, 
causing  a  chauire  in  zeta  potential.  Surely  Millikan,  Clark,  and  Bovie 
have  iH)t  told  us  tlic  wlioh^  mechanism  by  wliich  this  change  of  zeta  po- 
tential is  l)iT)iio|ii  jihont.  'Vliry  liav  -iv.Mi  us  a  very  gcncral^  vicwjioiiit 
based  on  a  cniM-cct  sci.Mitiiic  j)rincii)l(\  bm  they  have  told  us  little  ot  the 
nctiial  m.H'lianisiH  hv  which  the  change  of  zeta  ])otential,  which  modern 
(M.ilci,!  ('h."iiii>1s  say"  is  ehan-e.l  when  ehan-es  in  electropliorel  le  velocity 
are  effected,  is  brought  about. 

It  must  be  quite  evident,  however,  if  the  photoelectric  effect  is  bring- 
hvr  about  a  decrease  in  negative  charge  on  the  part  of  the  suriace- 
concentrated  proteins  wnicti  aosoru  Ine  ra.\.->,  ctUu  lUu^  lo  i,xLLx,,.....^^.r, 
them  that  such  precipitation  must  be  followed  by  a  change  in  per- 
meabilitv  of  membranes  in  .-hich  the  proteins  reside,  which  m  turn 
must  be'followed  bv  changes  in  Donnan  equilibrium  (tending  to  destroy 
it),   lysis,    and   death    (if   the   process   has   been   of   sufficient   extent). 

The  work  of  Jensen  and  of  Loeb  suggests  that  the  decrease  in  charge 
observed  is  due  to  a  change  in  Donnan  equilibrium,  brought  about  by 
a  chano-e  in  membrane  permeability,  probably  due  to  precipitation  of 
protein'^  This  change  permits  a  difference  in  concentration  of  ions, 
to  whicii  the  Donnan  eciuilibrium  is  due,  to  be  lost  due  to  diffusion. 
These  authors  clearlv  state  that  Avhat  we  measure  electrophoretically 
is  the  result  of  such'  a  Donnan  or  membrane  potential.  Rut  this  is  a 
thermodvnamic  potential,  and  incapable  of  being  measured  electropho- 
reticallv"  according  to  manv  modern  colloid  chemists.  It  is  quite  likely, 
howeve'r,  that  any  such  changes  due  to  diffusion  must  make  themselves 
felt  in  changes  in  zeta  potential. 

It  must  be  quite  evident,  if  changes  in  potential  which  irradiation 
brings  about  are  primarilv  thermodynamic  potentials,  that  such  changes 
must"  be  accom])anied  bv  changes  in  ])ermeability,  lysis,  and  death  (it 
the  ])rocess  has  been  of  sufficient  extent)  fsce  Crile,  Rowland  and 
Telkes  (1028)],  and  these  in  turn  must  be  accompanied  by  changes  in 
electrokinetic  or  zeta  ])otcntial. 

Let  us  refer  a'^-ain  to  the  chapter  by  Lillie.  If  radiation  is  the 
stimulus  which  bi-ings  about  a  change  in  potential  of  the  thermody- 
namic tv])c.  and  if  this  is  followed  by  a  change  m  permeanli  y,  it 
seems  lo-ieal  to  expect  an  ionic  diffusion  to  result,  one  which  should 
chann-e  tlie  condition  of  the  Donnan  eriuilibrium.  If  this  is  so,  then 
one  would  exr.ect  this  change  in  ionic  ccmcentration  to  change  the 
Ilelmholtz  double  laver  and  thus  the  electrokinetic  potential,  which 
chan-e  would  make  its(>lf  felt  in  a  cliange  in  electrophoretic  velocity^ 
Thus"  it  appears  again  that  a  change  in  thermodynamic  potential  of 
a  cell  will  likely  be  accompanied  by  a  change  in  its  electrokinetic 
potential. 
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This  critical  discussion  suggests  the  need  of  a  very  fundamental  at- 
tack of  the  mechanism  by  which  light  brings  about  its  changes,  with  a 
careful  analysis  of  the  relationship  of  the  thermodynamic  potential  of 
a  cell  to  its  electrokinetic  potential. 

E.     ELKCTKoi'iroRiyrK"  CiiAX(;i:s  ari:  Parai,m:i.hd  to  a  Ckrtain   Kxtkxt 

BY    CiIAN-GP]S    IX    A<](U.UTINAIULITY,    AXD    Al'PEAR    MORE 

Sensitx\'e  than  Acglutixatiox  Stttdies. 

S^ince  the  work  of  Tittsh'r  and  Lisse  and  of  others  has  called  atr<Mt- 
tion  to  the  I'act  that  the  .se(|ueiiee  of  (hM'!'e;isinu'  elect  fophoi'et  ie  migra- 
tion velocities  followed  the  se(|uence  of  increasing  agglutinability,  it 
was  only  natural  to  look  for  the  same  relationship  when  the  electro- 
phoretic  velocity  was  changed  by  irradiation  with  ultraviolet  light. 

Table  VI  shows  that  the  effect  of  the  Corex  hlter  was  to  j)revent 
that  action  from  taking  place  which  makes  for  greater  agglutinability. 
In  this  case  irradiation  had  little  or  no  effect  as  measured  by  aggluti- 
nation studies.  Let  it  be  recalled  that  in  the  electrophoretic  studies 
tlie  effect  of  tlie  screen  was  to  decrease  the  eff'(H't  of  the  radiation  to 
a  large  extent.  Changes  in  electrophoretic  velocity  beyond  the  limit 
of  error  were  observed  howevcM*  even  when  a  screen  was  nsvd.  Since 
in  general  the.se  changes  were  not  apparent,  in  the  agglutination  studies, 
it  is  suggested  that  in  this  work  the  electrophoretic  velocities  are  more 
accurate  measures  of  charge  than  studies  of  agglutinability.  Aggluti- 
nation is  a  fair  method,  however,  by  which  to  study  changes  in  electro- 
phoretic velocity,  when  these  changes  are  sufficiently  large,  as  wull  be 
shown  immediatelv. 

Again,  the  agglutination  method  is  not  apt  to  be  as  accurate  as 
the  electrophoretic  method  as  a  measure  of  charge  because  variations 
in  standardization  which  will  always  appear  will  have  an  effect  on 
agglutination  values  but  not  on  electrophoretic  values.  Again,  very 
slight  differences  can  be  observed  electrophoretically  but  in  agglutina- 
tion studies  such  small  dift'erences  are  not  detected  especially  in  the 
usual  procedure  in  which  each  successive  dilution  contains  just  half 
the  serum-concentration  of  the  previous  one.  Agglutinability  depends 
on  this  concentration  as  well  as  on  the  charge. 

From  Table  VII  it  becomes  a])parent  that  the  previous  conclusion 
of  Tittsler  and  Lisse  relative  to  the  relation  between  electrophoretic 
velocity  and  agglutinability  holds  also  when  the  samples  were  made 
to  have  a  different  charge  by  irradiation  with  ultraviolet  rays,  provided 
the  irradiation  was  long  enough.  It  might  be  suspected,  if  bacterial 
suspensions  act  as  colloidal  sus]iensions,  that  any  difference  in  electro- 
phoretic potential  must  make  itself  felt  in  a  different  agizlutinability, 
the  less  the  ])otential  the  greater  the  agglutinability.  Tliis  conclusion 
was  also  verified  by  Mudd  (1928).  See  :\latt.son  (1!)29)  in  this  con- 
nection. 


24 


The  Penjisiflrania  State  CoUrrjr — Agricultural  Experiment  Station 


BuUctin  ^76 — Effect  of  Irradiatio))  on  Escherichia  Coli 


F.  Exposure  does  not  Interfere  with  Agglutination  Studies. 

It  is  evident  from  Table  VIII,  that  tlie  effect  of  ultraviolet  rays  on 
bacteria  as  studied  })y  afrpflutination  was  really  an  effect  of  the  radia- 
tion since  aoffrlutination  data  for  samples  that  were  exposed  to  the 
atmosphere  of  the  laboratory  in  wliich  the  irradiations  were  carried  out 
(but  were  not  irradiated)  were  practically  the  same  a.s  those  for  iiii- 
rayed  samj)le.s. 

G.  Lysis   A<'( ompanifs  Ikradiattox 

Tliat  ly>is  has  taken  place  din-inir  irradiation  witli  ultravinict  liLdit 
i.s  ai)))arent  from  Table  IX  in  which  ()4  |)er  cent  of  lysis  was  reporteil 
for  60  minutes  of  irradiation,  the  effect  increasing:  with  time. 

Since  lysis  has  taken  place,  the  authors  would  expect  a  chanL^e  in 
Donnan  equilibrium  (as  a  result  of  diffu.sion)  to  have  taken  place,  and 
furthermore  would  expect  tlii.s  diffusion  to  have  brounrht  about  a. 
chanpre  in  dispersion  medium  which  in  turn  avouUI  have  affected  the 
zeta  or  electrokinetic  potential,  a  chancre  which  would  be  measureable 
electrophoretically. 

H.     A    Decrease    in    Potential    Accomi-axies    Lethal    Action    of 

LTltraviolet  Iriudiaton. 

Two  minutes  of  irradiation  under  conditions  of  the  experiments 
was  am])le  time  to  produce  a  sterile  suspension,  hence  the  conclusion 
that  the  bactericidal  effect  of  ultraviolet  irradiation  is  accom])aided  by 
reduction  of  <>lectro])horetic  velocity  (char«re)  is  justified.  This  rela 
tion  between  char«re  and  viability  mi<rht  be  com])ared  with  the  unpub- 
lished data  of  Tittsler  and  Lisse  which  show  that  charpre  and  activity 
of  the  nitropren  fixiufr  orpranism  parallel  each  other  (hi<rh  charire,  hi<rh 
nitro<ren  fixing'  ability;  low  char^^e,  low  ability),  and  also  with  much 
of  the  work  of  Falk  and  his  coworkers  who  showed,  in  a  study  of  the 
])neumococcus,  that  charpre  and  virulence  are  related  ])ro])erties.  The 
work  of  Osterhout  (1922^  on  conductivity  studies  in  which  he  reports 
that  wlien  the  or«ranism  is  killed  there  is  a  loss  of  semi))ermeability 
also  su*r?ests  that   this  should  make  its(df  felt   in   a   chan<j:e  of  clectro- 

phoretic  velocity.  Death,  then,  not  only  means  an  irreversible  chanprr- 
in  permeability  but  also  a  decrease  in  electroplutrc^tic  velocity  (charpre) 
which  is  ]')aralleled  by  a  prreater  aprprlutinability.  [For  the  fact  that 
afrinjr  and  death  are  ])lienomena  accompanied  by  decrease  of  thermo- 
dvnamic  ])otential  a]i])roachinpr  zero  see  Scurti  and  ('ort<'se  nil27)  and 
Crile,  Rowland  and  Telkes   (1928)]. 

Summary 

From  this  study  of  the  effect  of  irradiation  of  suspensions  of  Ef^ch. 
coli  with  the  ravs  from  a  carbon  arc.  usinir  \\  cai'bon  electroch's.  the 
followin«r  conclusions  are  drawn  : 


1.  The  Northrop  Kunitz  cell  lends  itself  to  electrophoretic  studies 
of  the  effect  of  ultraviolet  irradiation  on  washed  aqueous  bacterial 
suspensions. 

2.  Reasons  are  ^iven  for  re])ortinf^  relative  or  maximum  values  as 

well    as   actual    values   of    electrophoretic   velocities    obtained    with   the 
Xorthi'op  Kunit/  cell. 

W.  Slorair'e  and  exposure  to  atniospliere  of  the  laboratory  in  which 
the  irradiation  was  carried  out  did  not  affect  potential  ditTerence  as 
measured  b\-  clc.-t  rophoi't^sis  and  by  ai:<,dutinat  ion,  ;ind  ilKM-efoie  were 
not    the  cause  of  the  chanjj:es  olf-ci'xcd. 

4.  The  insertion  of  a  Corex  A  glass  filter  lessened  the  action  of 
ultraviolet  radiation  considerably  as  measured  electrokinetically  and  by 
agglutination. 

5  Data  obtained  with  the  Northrop  Kunitz  cell,  both  relative  and 
actual  indicate  an  initial  stimulative  action  of  ultraviolet  radiation, 
one  which  makes  itself  felt  in  an  increase  of  negative  charge,  and  a 
lethal  action  wliich  is  accompanied  by  a  decrease  in  charge  as  measured 
by  electrophoresis. 

6.  Attention  has  been  called  to  the  confusion  that  has  arisen  be- 
cause electrokinetic  and  thermodynamic  potentials  have  not  been  dift'er- 
entiated  carefully. 

7  Electroi)lioretic  studies  are  ])aralleled  to  a  certain  extent  by 
chan<'-es  in  a<'-glutinal)ilitv  and  api)ear  more  sensitive  than  the  usual 
agglutination   studies   for   measuring  the   charge   after  irradiation. 

8.  Irradiation  of  Ksch.  coli  produced  lysis.  This  etfect  was  greater 
the  longer  the  irradiation. 

9  Two  minutes  of  irradiation  under  the  conditions  of  the  experi- 
ment was  ample   time  to  sterilize   the   bacterial  suspensions. 
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PART  TWO 

Repetition    of    Part    One,    Avith     Especial     Emphasis    on     Short-time 

Irradiation 

The  Problem 

The  (lata  reported  in  Tabh,'s  111  and  V  for  2,  :$  or  4  minute  ir- 
radiation indicate  7.L'  and  13. L^  per  cent  increase  in  electrophoretie 
velocity  (charge).  .Since  two  minutes  of  irra<li;iti()n  wns  already  sui'fi- 
cM'Ml  time  to  sicrili/.c  tlic  hactcruil  siispcnsKm^.  i,  \.  ,  .s  lli(.ii<_;ni  iid'xis;!!)!*' 
t/'  i!i;ik.'  a  (iciailc.l  study  of  the  cli.'iiii:-'  in  e.rciropliorel  jc  velocii>-  under 
'"■'■"i'^'^i""  J'-^'  I'l'i^'f  as  :!()  setMUHU.  aid  to  pertnrm  .sufficient  e.xpeii- 
nicnts.  by  the  technicpic  jjreviou.sly  used  (  usin<^-  no  .sereeu),  to  test  the 
hypothesis  that  irradiation  produces  an  initial  .stimulative  action  (one 
which  makes  itself  felt  in  an  increase  of  negative  charge)  and  later 
w.  ..o^^^tAx  ,x^^xKji.L  v^uv.v.^nipanica  03^  a  dceiectse  m  cnarge),  ana  tnat  tnese 
ci'anges  can  also  be  demonstrated  by  agglutination  studies  for  changes 
in  electrophoretie  velocity  are  paralleled  by  changes  in  agglutinability. 
A  record  of  the  bactericidal  eft'ect  of  very  short  irradiation  was  also 
obtained.     Tlie  data  are  presented  in  Tables  X  to  XIII  incliLsive. 


Experimental  Results 


TAI5LK    X. 


AVKH.\(JKD    MUiKATlON    VKI^OCITIJ-S    (I^•    MICRV    Till    SFC 
PKR   VOLT   PKR    CM.).  '     " 

MAXIMTM    VAIIKS    (AT    DKPTU    I  2)    ISlNc;    NO    SCKKKN.      SEK    (JRAPH    2. 


Trrutincnt 


Nuinticr  of 
avrra^'cil  iivcraKf'."^ 


Ndii-irruiliatfd 


Irradiated    'M   ,<t'c. 


Irradiated    1    niii 


JrradiatO(i    iVi    iiiin. 


Irradiated   2  iniii. 
Irrailiated    ].">   iiiin 


Irradiate<l    30   inin. 
Irradiatec)    co    min. 


Mifjratiou 
velocity 


2:i.l3 

2(1.  :;s 
2n.r.i 
2;;.tn> 

21.48 
15.07 
14.72 
11.  IW 


J'er  cent 
chaiiKe 


+  14.1 

4-1.7 

—  0.(; 

—  7.1 
—34.8 
—36.4 

—  49.r> 


T.MU.K   XI.     AVi:i^\(ii:i)   MKiRA'I'ION    VKI,o(MTIi;S    (IN    MICR\    I'l- R   SIC 

PKli    VOI.T   VVM    CM). 
ACTl'AL   VALIKS   (V    .14  v'  at   10  4-   14  v'   at   12)   TSINCf   NO  SCRKKN. 


Tri'Mt  iiK'iit 

i 

Number  of 
averaged  averau'ev 

'" 

Alipration 
Velocity 

12.79 
10. 7r. 
11.  S2 
10.42 

Per  cent 
change 

Nf»n  irradiated 



8 

Irradiated  :;0  see. 



3 

+  21.5 

— -" 

lrradiate<l    1    min. 

2 

+  "^  2 

f  12.3 

—  1.0 

Irradiated    IJ    min. 

2 
2 

— 



Irradiated    2    iniii.     _ 

— 
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TABLE    XII.     AGGLUTINATION    vs.    RAYING. 

Serum  Dilutious 

-      'k^— *- 

AritiK''n 


No.  of    ' 
set  U!is  -!0 

uvrruK'  d: 


M)  ICO 


;•_!()         Cdfi         l:',--!*       -.i.V.o 


l:'.0      11)2 1(»      2ol-^0 


Noil  irradiated 


IrradiatfMl    30    sec. 


13 


Irradiated  i  min. 


Irradiated  U  min. 


Irradiated  2  min 


5 

5 

o 

4 

5 

0 

5 

0 

J 

5 

a 

o 

0 

r> 

V 

5 

0  0 


0  0 


0 


0  0 


1  0 


Irradiated  tX>  min. 


I  o 


Table  XII  gives  the  average  of  many  agglutination  set-ups  which 
were  designed  to  bring  out  the  elfect  of  short-time  raying  on  aggluti- 
nability. No  Corex  filter  was  used,  the  raying  was  done  at  30° C,  the 
suspension  was  made  to  volume,  1/-I  per  cent  formalin  wa.s  added  to 
the  bacterial  suspension,  and  readings  were  made  after  48  hours  in- 
<jubation  at  37 °C. 

That  ultraviolet  light  did  kill  the  organisms  in  a  very  short  time  is 
shown  by  Table  XIll,  which  gives  a  record  of  sterilization  with  time. 

TABLE  XIII*.  RECORD  (>E  BACTERICIDAL  EEEECT. 


— — 

«    , 

tat.L~ 

Treatment 

Count    per    cc. 

None 

225,(X)0,000 

30  sec. 

1.000.0(K) 

1  min. 

50.000 

li  min. 

few 

2  min. 

sterile 

Discussion  of  Results  and  Conclusions 

That  ultraviolet  irradiation  of  aqueous  suspensions  of  Es^ch.  coJi  di<l 
alTeet  electrophoretie  velocities  is  again  shown  in  Tallies  X  and  XI  and 
in  Gra])h  2.  These  indicate  that  the  effect  is  stimulative  initially,  later 
becoming  destructive.  This  is  oliserved  by  initial  increases  of  14.1  and 
21.5  per  cent  and  by  the  greater  sidisequent  decrease  of  40.5  per  cent. 

*Thi.><   Tattle  comitiled    from    data    obtained    uith   the   teehnieal    assistance   of   II.    W.    Williams. 


V         I 
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Tt  IS  of  interest  to  ohservo  that  in  PART  ONE,  Table  III,  a  niaxi- 
mnm  mioratioii  velocity  of  1^0.26  has  been  reported  for  non-irradiated 
.samples  and  that  ni  this  work  a  valne  of  2:iA:]  has  IxH'n  obtained  a 
rather  fair  a-reement  eonsiderinn.  that  values  as  low  as  11  68  have 
been    reported    in    Table   X.      A   still   better   a-reenient    is   observed    in 
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tlie^  actual    values    for    the    non-irradiated    samples;    witness    10.99    and 
lO.il.'i   from   Tabh's  V  and  Xi  resi)ectively.     Tliis  indicates  a  tendencv 
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for  the  strain  of  Esch.  coli  to  maintain  a  rather  constant  electrokinetic 
potential  on  transplantation  from  slant  to  slant  over  a  very  lonf^"  period 
of  time  as  judj^ed  from  the  electi-ophoretic  velocity  of  suspensions 
prepared  from  slants  of  a  24-hour  incubation  period. 

An  average  of  data  jn-esciited  in  Tabh's   111   and   X   xiclds  Tabh'  XIV. 


TAl',].]:    XiV.      MICKA'lMoN    V I :  !,<  M  "I'l  !  KS    (IN    .MU'hW     iM:K    si:(\     i'Kl^     Voir    IMK    CM, 
MAXl-Ml'M     \AI.riS    (,\-!'    I'll''!!!     'ui     l>INti     NA)    S(h'!;i..\. 
AN     A\■l•|^\<.l:    "K    TAI'.  I,i;S    ill     AN!i    x. 


Treat  incnt 

NuiiilitT  of                        MiKratidii 
aviTu^'cii   a\('raK''~^                  vi'locily 

1 

I'rr  crnt 
clian^'t' 

\f>n-irrn<liM t ('(!                    _ -  -- 

83                                    22. t>' 

IrradiatfM!   2,    3   or  4   inin.    

12                                    21  .*iO 

2.2 

Irradiated    ir>   iiiin. 


11 


Irradiated    30   ruin. 


ir).15 


:;i  .ri 


12 


14.74 


Irradiated    CtO   min. 


14.91 


— 32.r)0 


Table  XIV  again  verifies  the  statement  that  after  death  by  irradia- 
tion with  ultraviolet  rays  there  is  a  rather  large  decrease  in  zeta 
potential   as  measured   by  electi-ophoretic  velocity. 

If  data  from   Tables  V   and   XI   are   combined.   Table   XV   results. 

T\IUF     XV.      AVKRAOKD    MKU^ATK-N    VK I.OCITIKS     CIN     MICRA    PKR     SKC.     PKR    VOT.T 
PKR    TM.).      AC'ITAI.   VAI.ll.S.      A    COM  HlNA'l'K  »N   OF   TABLF.S   V   AM>   XI. 


'I'reatineiit 

NuintxT  of 
a\'eraKt'd  av<'^a^'l'S 

Migration 
velocity           ■ 

Vor  cent 
change 

Noil -irradiated     

17 

' 

Irradiated    .'X)    sec.     

3 

!                 12,79 

4^H.'> 

Irradiated   1    niiii.    

'> 

10.7'^. 

-  -  0.1 

Irradiated    1'    Tiiiii.     

2 

11. S? 

:     ','.7 

Irradiated    '.'.    3   or   4   min.    .. 

I 

1 

1 

-4     s,0 

Table  XV  again  vtu-ifies  the  statenuMit  that  bri(d"  ii-radiation  with 
ultraviolet  ravs"  stimulates,  indicated  elcctrophoretically  by  an  increase 
of  neo-ative  zeta  potential   normally   carried   by    E.^rh.   roll. 
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From  Table  XII  it  is  apparent  that  the  relation  between  electro- 
plioretic  velocity  and  ap:?lutination  seems  not  to  exist  except  when  non- 
irradiated  antif^en  is  com])ared  witli  one  irradiated  60  minntes.  In 
the  ex])erinients  of  short-time  irradiation,  a?rp:lntination  data  point  to 
a  decrease  in  electrojihoretic  velocity  whicli  was  not  the  case  either 
for  niaxinnnii  or  actual  clecti'oplioretic  values  obtained.  Since  in  tlie 
(i.Mfrniinatinii  of  aL^<rlutinability  (-11°  incubation)  it  becoincs  necessary 
to  wait  at  h'ast  L'4  hours  before  r«\adin<:'s  can  be  made  whereas  in  the 
.  if('li-oi)horetic  studies  i-eadin<r.s  ean  bt^  made  within  less  than  an  liour 
.-ifter  iri-adiation.  a  ])os.sihle  exi)lanation  of  the  disei'e])ancy  ap])eare(i 
in  tlie  idea  that  haderia.  in-adiated  but  a  short  time  and  not  i-eceiviiiL' 
a  lethal  (h)se.  have  tlie  ])Ower  to  retni-n  tf^ward  normal,  i.  (\,  1o  recovei' 
from  the  ef^'ect  of  irradiation.  This  idea  prevailed  in  planninn^  experi- 
ments cited  in  PAllT  THREE.     Aprain  it  ajipears  that  electro])horetic 

,       T          „,._    „,  ^„^    r.o-^-^  +  '^">    +]io>,    oorrln  +  irtn  +  irvn    «fndif»«     '^R^    IISIIrIIv    made^ 
.snUlier>    clLV    lliul  «_•    :-iCii>'iii  I  V  >.      iiiivii    n^f^A^i..^^^vx  .^v.^^    ......t ^  .1^^ .^ 

for  measurin^z:  the  chary:e  after  irradiation  with  ultraviolet  rays. 

Two  minutes,  which  was  ample  time  to  sterilize  bacterial  suspensions 
tised  in  PART  ONE,  happens  to  be  just  the  time  necessary  to  kill  all 
orpranisms  as  show^l  by  Table-  XTIT. 

Summary 

The  data  of  PART  T^YO,  serving?  as  a  repetition  of  T^VRT  ONE, 
point  to  the  followin^]^  conclusions: 

1.  Conclusions  5.  7,  and  9  of  PART  ONE  have  been  verified.  Both 
relative  and  actual  electrophoretic  velocities  of  Esch.  coli  suspensions 
indicate  an  initial  .stimulative  action  of  ultraviolet  radiation  (which 
makes  itself  felt  in  an  increase  of  neprative  charfre),  and  a  lethal  action 
(which  is  accompanied  by  a  decrease  in  char^-e).  Though  electropho- 
retic studies  are  paralleled  to  a  certain  extent  by  chancres  in  afrfrluti- 
nability.  they  ap])ear  more  sensitive  than  apr^rlutination  studies  (as 
usually  made)   for  measurin«r  the  char<re  after  irradiation. 

2.  Electrokinetic  velocities  of  susjiensions  of  24-hour  <rrowths  of  Esch. 
coli  show  that  the  or'ranism  has  a  temiency  to  maintain  a  rather  con- 
stant charpre  when  transplant(vl  to  the  same  medium  over  a  lonp^  period 
of  time. 

?>.  The  lack  of  a^n-eement  in  the  findin^rs  by  electrophoretic  velocity 
and  atr^-lutination  studies  of  sus])ensions  of  Exch.  coli  irradiated  for 
subdethal  ])eriods  with  ultraviolet  rays  su^r^rests  that  from  such  sub- 
lethal irradiation  the  orp:anism  has  an  ability  to  i-eeovei-.  a  ])rocess  in 
which  its  (>leetrokinetie  potential  has  a  temhuicy  to  return  toward  7H)r- 
mal. 


I 


PART  THREE 

Repetition  of  Previous  Work  but  Using  the  Falk  Cell,  and  Paying  Es- 
pecial Attention  to  the  Process  of  Recovery  and  the  Change  ot  pli. 

Review  of  Literature 

A.     Tin:  Fai.k  Ckll 

Mooncv  (1!)24),  usin-  a  capillary  tube  open  at  both  <md.s.  reported 
that  the'm(ibility  of  nil  drops  inereases  witli  time  durnig  the  tn-st  ;>  or 
lU  seconds  after  the  electric  lield  is  a|)plied. 

In   the   Northrop   Kunitz   cell  endosmotic   streaming  along  the   walls 

of   the  cell   is   compensated   by   reverse   streaming   along  the   axis       io 

,.     •      .      (1  h;,,.,,  .-..inrMti'  -.■...wiioiif   ii)   tlwi  Avafpr    Moonev    (191:/) 

desio-ned  a  new  cell  in  which  the  water  moves  through  the  capillary 
with"  uniform  velocity  over  its  cross  section,  tlie  compensating  reverse 
flow  taking  place  elsewhere. 

Falk,  Jensen  and  Mills  (1928)  improved  the  Mooney  cell.  They  state 
tliat  the  observed  mobility  of  hacteria  in  this  cell  is  the  ditlerence 
between  the  velocitv  of  the  endosmotic  streaming  oi  the  water  and  the 
velocity  of  electrophoresis  of  the  bacterium.  If  the  composition  of  the 
medium  does  not  change,  the  endosmotic  streaming  of  the  water  is 
sensiblv  constant.  Hence,  the  observed  mobility  of  the  bacterium  varies 
inverselv  as  its  true  niobilitv,  and  is  approximately  independent  of  its 
])osition'  in  the  capillarv  tube.  Furthermore  polarization  is  practica  ly 
eliminated  by  the  interposition  of  distilled  water  between  the  electrodes 
and  the  open  ends  of  the  capillary  tube. 

\n  isolated  colonv  can  be  picked  from  the  growtli-medium  with  a 
clean  loop,  emulsitied  i.i  a  sniall  <piantity  <»f  water  and  the  suspension 
used   for  electrophoretic  studies. 

B.     Process  of  PvEcovkhv 

The    total    time    re<pnred    to    kill    bacteria    in    suspensions    or    on    an 
an-ar  ])late  is  not  changed  bv  discontinuous  exposure  according  to  Nor- 
ton   in  .Ionian   and    Falk    (192S)    and    P>ovie    (19i:),   P.iKi).      Results^  of 
germicidal   action  of  ultraviolet   rays  on    />'.  roh,  by   Coblentz   and   I  ul- 
Um    (1924K    showed    '*but    little,    if    any    ditVenmce    in    density    ot    the 
<M-owth   of  bacteria   whether  the  method   of  exposure  was  continuous  or 
hitermittent."     Hence  it  would  ap])ear  that   intermitt(Mit  exposure  does 
not  have  a  latent  etfect  during  the  intervals  of  rest,  either  in  stimulat- 
iu<r    crrowth    or    in    continuing    the    lethal    aeti(m,    and    that    the    lethal 
eff^H't'^  is  additive   even   with    rest    periods  many   times   longer   than   the 
ex])0sure   periods.     This  agrees   with   the   conclusion   as  to   the   additive 
effect  of  Schumann  rays  made  by  Bovie  (1915,  1910). 
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C.  Changes  of  ])!!  due  to  Irradiation 

Hill  (1924)  re])orte(l  that  an  increase  in  hydrogen  ion  concentration 
accom])anies  tlie  a*i'<i're<xation  of  j^articles  in  the  cells  of  infnsoria  and 
of  bacteria  ol)S(>rved  uncU'r  the  niicroscojH'  as  the  lethal  action  of  the 
rays  i)i'()gres.s(\s.  r.illi(\  p.  201  in  (\)\vdry  (1!I24).  states  that  a  stimu- 
lus ()])erales   hy   oxidi/iuii'  the  sur-Face,   thus   pi-oduciiiij  acid. 

D,  (\).\i)r( '!i\ri'v   S'ri'i)ii:s 

Detcrniinal  i()U-<  of  clcd  rica!  (M.tiducl  i  vit_\-  of  cells  and  tissues,  and 
of  the  ctfcct  upnu  it  of  various  cxt'Tiial  agents  have  hccu  made  \)\ 
a  considerable  uumher  (»i'  investigators,  l)ut,  the  application  of  tht> 
method  in  an  extensive  manner  to  the  investigation  of  cell  permeability 
is  due  to  Osterhout    (11)22). 

Osterhont's  .studies  ^vith  numy  kinds  of  injurious  agents  showed  a 
gradual  fall  of  r(^sistauce.  ])receded  in  sonu'  ca.se.s  by  a  ])reliminary 
rise,  until  a  c(U-tain  nunimum  \vas  reached  which  was  indicative  of  the 
complete  death  of  the  tissue.  The  whole  course  of  the  death-change 
could  be  represented  by  a  curve  ^vho.se  regularity  and  freedom  from 
breaks  shows  that  death'does  not  occur  at  any  given  instant  but  is  a  pro- 
gressive change,  which  may  even  ix'  reversed  in  its  earlier  stages  by  a 
return  of  the  tissues  to  normal  conditions.  See  also  (Ireen  and  Larson 
(1922). 

Shearer  fl919,  1922)  concludes  that  bacteria,  unlike  other  cells,  have 
their  maximum  resislaiu-e,  and  therefore  their  maximum  imix'rnu'abil- 
itv  iiHtiallv,  i.  e..  ])rior  to  the  treatment   with  solutions  of  various  ions. 

The  Problem 

Since  (a)  the  data  on  agglut  iiud  ion  ])i-esented  in  Table  XII  did  not 
coufoi-m  to  the  j)reviously  made  hypothesi.s  by  Tittslej-  au(l  Lisse  (192S) 
and  suggested  a  r<'covery  (toward  normal  ])r()perties)  following  sub- 
lethal UTadiation,  since  (bi  the  Falk  ca|)illary  cell  is  simpler,  less 
costly  and  more  rai)idly  oi)erate(l.  the  latter  pei-nnttiug  elect  ropho- 
retic"  i-eadiugs  very  soon"  aftt^-  irradiation  of  bact<'i-ial  susi)ensi(>ns  and 
l)r()bablv  before  recov(uy  has  taken  ])lace,  siiUH'  (c)  Hill  and  our  pre- 
liminary work  iudicatedthat  a  change  in  pll  would  result  from  irradia- 
tion and  would  accomi)any  the  changes  in  charge  and  agglutinati(»u 
])reviouslv  obsei-ved  (as  well  as  the  lysis  and  death),  and  since  {d> 
AVinslow."  Falk  and  (^iulfi<dd  (li)2:})  showed  that  slight  changes  in 
])II  wei-e  accomi)ani<'d  by  i-ather  lai'ge  changes  in  electroplioreth-  veloc- 
ities, the  following  (pu'stions  were  raised,  the  answering  of  which  con 
stitutes  thi'  ])roblem  studied: 

1.  Will  the  Falk  capillary  cell  lend  itself  to  a  study  of  the  etfect 
of  irradiation  on  a(pu'ous  bacterial  susjx'usious  as  studied  electroi)ho- 
reticallv? 

2.  \i'  so,  what  ditfereuces  in  elect rophoretic  velocity  will  be  observed 


if  readings  are  made  immediately,  early,  and  late,  and  what  evidence 
will  these  readings  give  for  the  idea  of  a  recovery  period? 

3  Will  agglutination  data  indicate  a  recovery  period  if  the  im- 
mune serum  is  added  atditferent  times  after  irradiation  of  the  acjueous 
suspension  of  Esch.  ('(Ai? 

4.  AVliat  chatiu-e  in  pll.  if  atiy,  aceniiipanies  the  pi-o.-ess  ot  irrradia- 
tion   (»f  the  bacterial   sus|)ensiou  .' 

,").      Tan    the    i-esults    previously    obtained    b.'    duplicated? 

Technique 

A.       ]\lEASrKEMEXT    OF     KlE(  TKOIM  lORKTK '    VkIJX  ITV 

Samples    of    K^vh.    roli   were    ])repared    and    irradiated    in    the    same 
manner    as    previously.       KhM-trophoresis.    however,     ^^as    I;;;;;';;-;;;-.;;: 
Falk   capillarv   cells.        After   filling,    the   capillary   was   i)laced    on   tin 
hook  electrodes  in  a  bath  filled  to  a  definite  depth  with  distilled  water 
and    centered    as    nearly    as    possible.      :\reasurements    were    ma<le    at 
49.5    ±1   .5  volts  at   a  magnification   of  47.)  diameters. 

It  was  observed,  in  harmonv  with  the  findings  of  :\rooney,  that  if  the 
current  was  allowed  to  flow  a  few  seconds  before  taknig  the  first  read- 
iiurs  a  more  uniform  set  of  data  would  be  obtained  and  a  time  lag 
would  be  overcome.  In  this  work,  however,  the  time  lag  was  such  that 
eiectrophoretic  velocities  decreased. 

The  actual  rea.lings  were  made  soon  after  filling.  Five  readings 
were  made  with  the  current  flowing  in  one  direction  and  five  witli  it 
flowin<'-  in  the  other  direction.  Thus  ten  individual  stop-watch  read- 
ings were  made  with  three  to  tour  ditfereut  cai)illaries  on  the  same  sus- 
pension and  these  :U)  or  40  readings  w<«re  av.u-aged.  Similar  averages 
were  obtained  with  three  ditTerent  suspensions  under  any  one  treatment^ 
Values  reported  in  Tables  XVT  to  XVIII  are  the  averages  ot  90  to 
120  individual  sto])-watch   readings. 

The  results  obtained  are  also  rei)<)rted  in  these  tables  as  per  cent 
chau'je   from   the   unrayed  suspension. 

Since  readintrs  could  be  made  with  the  Falk  cai)illary  cell  so  much 
sooner  after  ravin-  than  with  the  Northrop  Kuuit/.  cell,  it  was  observed 
that  in  the  short-time  ravings  then-  was  a  change  m  the  electro- 
nhoretic  velocitv  when  the  susixuision  had  stood  for  a  while  alter  ray- 
in-  and  that  the  initial  readings  were  in  all  cases  ditrerent  trom  the 
suKsecpient  ones.  Therefore,  "unrayed  average  o  M)  ^'l*'^;"'^  ;1\!  " 
a<re  of  '-10  readings  on  the  untreated  sample,  obtained  as  i)er  Iat)le  A\  i  ; 
'"initial  readings"  the  average  of  the  readings  taken  with  the  first 
capillarv  used  immediately  aftiu-  raying;  "early  readiu-s  the  average 
(,f  the  avera<'e  of  the  readinirs  made  with  three  cai)illarie.s  used  im- 
mediatelv  alVr  raving;  and  "late  r.'adiu-s"  the  averag.'  ot  th.>  average 
of  the  readings  with  three  capillaries  after  the  sus])ension  had  stood 
for  at  least  three  hours  after  raying. 


34 


TJie  Pennsylvania  State  Collepe — Agricultural  Experiment  Station 


P>.     Agglutination 

A^fjrlutiiiatioii  tests  were  performed  as  described  under  PART  ONP] 
except  tliat  iTiiinime  serum  was  added  at  different  times  after  the  ir- 
radiation of  tlie  bacteria]  suspension,  at  times  comparable  to  the  times 
after  irradial ion  at  whicli  the  "initial,"  ''early"  and  'Mate"  electro- 
])li()r('tic  rcadiii'^'s  wei-e  ma<l(\  Values  re])()rt('d  for  each  treatment 
('I'lihh's  XIX  and  XX)  are  avera<;-es  of  dii|)Iicatc  (h^termination.s  ()n 
three  different  ^nsjx-nsions  and.  therefore,  of  six  ditferent  ati-;iliit  inat ion 
tests   for  eaell   t  reatnient. 

('.     Lysis 

All  studies  of  lysis  were  made  by  usinpr  a  Petroff-IIau.sser  bacteria 
counter.  The  Yalu(\s  re])orted  in  Table  XXI  are  in  per  cent  decrease 
from  tiie  ori^dnai  suspension.  Kaeh  value  for  aiiv  treatmerit  V\'as  ob- 
tained from  an  avera<xe  of  duplicate  determinations  on  three  different 
susi)ensi()ns,  and  is  therefore  an  avera^^e  of  six  determinations  on  each 
treatment. 

D.     ])II  Stt^dif.s 

All  pll  determinations  were  obtained  by  the  LaMotte  method. 

Experimental  Results 

A  typical  set  of  electrophoretic  readin«i:s  is  ])resented  in  Table  XVI, 
to  sho\v  how  tdosely  results  can  be  duplicated  when  the  P\alk  capillary 
cells  are  used. 

TAHI.i:    XVI.     INDIVIDrAI.    STOP  \V.\'I(1I    HI  ADINGS    ON    A    SINGLE    SUSPENSION    USIN(i 

DIEFEKKNT    CAPH.L.XHI  I.S.      VAILKS    APE    IN    SECONDS    TO    TRAVEL   220 

MICRONS.     VOLT.\<iE     4C>.r>  ±   .5     VOLTS. 


{^apillMry ,   No.   1 


Capillary,   No.  2 


Cai)iliary,   No.   'A 


\vpraK< 


11. 2('. 
10.r,o 
11.0."> 
11.44 


11.17 
lO.Tft 
10. .'lO 

io.<y> 


in.(>7 


rnrrciit- 
l^'Vor.«(  <1 


11 

81 

11 

m 

10 

2.H 

9 

S4 

10 

S2 

n 

.4r, 

10 

.'^) 

11 

.06 

1 1 

.■AO 

lo 

.2t> 

Currfnt 
Rcvorsnl 


Avprajro  10>^  .\voraRP 

li'.'.x'i       avrraK''    of    :;0   roadin^'s 


1 2 .  (h; 
ll.f.0 
ll.t)! 
10.^1 
lo.:i5 


10.70 
10.F>9 

io.r.0 

10.51 
1 1  .  20 
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Table  XVII  shows  a  complete  set  of  typical  data  for  one  treatment. 
Values  in  this  Table  are  obtained  in  the  same  way  as  the  average  value 
in  Table  XVI. 

TABLE    XVII.     AVERAGE    OF    OBSERVED    READINGS    AND    PER    CEN'T    CHANGE,    RAYING 

DIEEERENT   SUSPENSIONS   'M  SECONDS 


l.at- 

rca'lnitjs 

Av.   •'!   :-U 

Per  iTiit 

<'haiiK<', 

initial 

9.02 

1  <».(•:; 

S.iH> 

—14.83 

—  4.17 

—  f).89 

Per  Cfj\t 
carlv 


-  4 .  •,;  1 
+  0 .  20 

— :^.44 


Av.     9.TS 


S .  9" 


9 .  .■')4 


9.  ",2 


s.e,?, 


-  2.4^ 


Vor  rout 

ctiaiik''' . 
la';.' 


-9.62 

0.40 
4 .  20 

-4.-4 


The  final  averapres  of  all  treatments  are  <;iven  in  Table  XVIII.  These 
values  have  been  obtained  in  the  same  manner  as  the  averapre  values 
priven  in  Table  XVII. 

T\BIF    XVIII.     FINAL    .WERAGES    OE    OBSERVED    READINGS    AND    PER    CENT    CHANGE 

UPON    RAYING.       SEE    GRAPH    3. 


La  to 


Prr  cont 


l-nrav.'-U  Initial  Early 

\y     of  ;;o      Treatment        roa.iintr<  r.'a.iiiitrs  rni.linr'=  fhiVi^'*;. 

I    Av     of  :;o        \v.   of  M)       .\v.   of  90  initial 


Por  opnt 

ohanpo, 

oarly 


9.  10* 


s.r)^) 


9.10 


9.1  Of 


S.5<t 


7.7^  + 


—  S.f>:^  —  2.48 


—  9. OS  +   1.!^ 


-12.71  —  9.21 


—  7.  :•!,-> 


s.r/j 


-17.7,"       i       —17.34 


24. 


—24.61 


Tot  cout 
late 


—  4.74 
-10.63 

--  8.91 

—  8.36 
— 17.:'.4 

—  24.61 


Ml  a*'fdutination  tests  were  run  in  duplicate  on  three  different  sus- 
pensions'for  eacdi  treatment.  Averanrcs  for  all  treatments  are  reported 
in  Table  XIX.  Eacdi  set  of  ainzlutination  data  reported  is  the  average 
of  three  different  sets  of  duplicates. 


*   \vpraK<'    *»f    "o'v    6^   rradiiiK^. 

+  Only  suflicrnt    -lata    ^v.to   takni    to   show    that    tlioro  was   no   chanpo  on   standing. 

J  Tlit'so   values   can    \<o  oxprrsscii    as    lo.o^  .4. 
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TABLE    XIX.     AVKHA(ii:    OF    ACJC  LUTINATIUN    TKSTS. 


Tlio  results  of  studios  on  lysis  by  tlio  direct  count  motliod  nw^  <iiv(Mi 
in  Table  XX.  Data  <rive  per  cent  decrease  in  count,  the  unrayed  sus- 
pension beinn-  taken  as  a  standard,  each  value  beinpr  the  avera«je  of 
180  readinjzs  (counts). 

T.MU.K    XX.     'ITIF    FFFFCT    OF    HAYINO    0\    T.YSIS. 


Troatniont 

Riiyod  ?,n  f;oo. 

Rayed    1  min. 

Kayod    5  min. 

Raypd  If.  mfn. 

Rnyrd  "^0  min. 

IVr   f'tMit    <l('<'r<'MS(> 


2«.0 

■  >  i    .    i 

fir?. 7 


The  results  of  the  ])TI  determinations   (T.a  ^Motte  method)    are  shown 
in  Table  XXT. 


Troatniont 

Scrum  Dilutions 

i 

.\  !  1 1  i  t'  < ' !  1 

Immime 
serum 
ailili'il 

ilft.T 

s t  CI r i n ur 

160 

P.2f> 

r.40              T.:^> 

2,"<'.0 

r)i20 

10,::  10 

rnr;i\  r.|                  0  min  . 

5 

4 

0        1         0 

1 

0 

0 

:;o  i^fi-. 
wo  sec. 
;^0  soo. 

0  min . 

40  mill. 

ISO  min. 

\'     1 1 1 1 1 t  > 

40  min. 
l.'iO  min. 

0  min. 

40  min. 

120  min. 

5 

5 
5 

I 

5 

5                  1                   0 
4                  0        ,          0 
4                   1         1          0 

0 
0 

(» 

0 
0 

(1 

i    11  till . 
1  min. 
1  min. 

.■5 
5 
5 

■                 

5 
5 
5 

4                  1 
4                  1 

4                   2 

0 
0 

1 

I 

0 

0 

0 

0 

2  nn'n. 
2  min. 
2  min. 

5 
?, 

5 

5* 

5 

5 

D 

.'> 

5 

5 

5                   4 

5                   4 

1 

0 
.  1 

<> 

0 

0 

1 

0 
0 

n 

h  min.                  0  min. 
5  min.               ISo  min. 

1 

5 

5              r. 

4 

4 

1 

0 

1.")  min.                  0  min. 

r>              r> 

1 

■  > 

0 

1 
1 

1 

0  min. 

i    , 

;;o  min. 

TABLE    XXL 

PH 

DETERMINATIONS 

pH  of               ; 

unrayed                j 
i^u.'^IK'n.'^ions                ; 

Treatment 

No.   of 
(ietormiiui 

tions 

tn 

pH  of 
ated  sample.s 

C-l  ±   .1                  1 

Knyi'd  ::o 

4 

1 

1 

6.8  ±   .2 

C.l  ±  .1 

Kny.'.l     1 
min. 

3 

6.9  ±   .1 

6.1  ±   .1 

Havi'il     [) 

111:11 , 

3 

7.0 

6.:?  ±  .2 

liay.'d   1:, 
min. 

2 

7.2  ±    .-1 

n.i  ±  .1 

Rayeil  ;m) 
min. 

2 

7.2  ±   .1 

Discussion  of  Results 

A.       ELErTKOPIIORETTC    READINGS    WITH    FaLK    CeLL.       ArE    THEY    TRUST- 
WORTHY ; 

Table  XVI  indicates  that  results  can  be  du])licated  very  well  when 
the  Falk  capilhiry  cell  is  use;!.  This  is  not  true  when  capillaries  are 
chosen  at  random.  For  this  work  capillaries  were  chosen  which  grave 
])ractieally  identical  results  when  used  with  aqueous  suspensiorLS  of 
Each,  coli  at  a  definite  pll. 

Tn  some  data  for  brief  irradiation  (Table  XVIH  the  ajjrreement  was 
not  (iuit<'  so  <i'ood.  perhaps  due  in  part  to  the  fact  that  reading's  were 
not  always  made  at  (»xactly  the  same  point  in  the  recovery  period,  a 
period  su^'prested  by  the  data  obtained. 

It  was  because  readin<rs  with  the  Falk  cell  can  be  made  so  much 
.sooner  after  irradiation  than  with  the  Northrop  Kunitz  cell,  (one  may 
focus  anywhere  except  near  the  surface  and  fillin«jr  of  cell  is  more 
readily  accomj^lishecn.  and  because  with  it  a  recovery  period  (su^^ested 
by  Table  XII)  mi<'Tit  more  easily  be  demonstrated,  that  it  was  thou^dit 
to  1k^  a  mor(^  desirable  type  of  c<'ll  for  use  in  studies  of  the  effect 
of  irradiation  on  the  electro{)horetic  velocity.  On  the  other  hand,  since 
])II  chaiifies  (Table  XXI)  acc()mi)anied  irradiation,  and  since  such 
clian^(\s  mi<i'ht  affect  both  electro<Midosmotic  and  eh'ctrophoretic  veloc- 
iti<'s,  it  mi<zTit  appear  that  the  values  obtaintnl  in  Table  XVIII  are  use- 
less, unless  it  can  be  shown  that  electroendosmotic  velocity  remains 
constant  and  is  not  at!*ect<'d  by  chanjz'es  in   \)\\. 

That  the  results  obtained  with  the  Falk  cell  are  in  the  same  direction 
as  in  the  ])revious  work  for  the  loivjer  times  of  irradiation  is  shown 
bv    the   fi<zures   — lU.'J.   — ;U.S,    and   - -17..'U    for    1.")   minute    irradiation 

jiiul  27^),  —.'{(). 4,  and   — 'lA.'-Vl   for  :)()   minute   irradiation    (see   Tables 

III.  X  and  XVIII  resj)ectively  ) ,  and  also  by  the  fact  that  from  Table 
XVIII  we  a<:ain  find  that  as  irradiation  continues  after  death  the 
ne«'-ative  chai\<:('  carried   by   Ksch.  coH  is  more  and   more  decreased. 
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It  is  with  brief  irradiation  that  the  agreement  in  values  obtained 
with  the  Falk  and  Northrop  Kunitz  cell  is  rather  poor.  The  increase 
in  charge  indicating  a  stimulation  at  the  start  of  irradiation  is  almost 
entirely  missing.     The  conclusion   is   drawn,   therefore,   that  the   Falk 


cell  will  not  lend  itself  with  certainty  to  a  study  of  the  efT(H't  of 
ultraviolet  irradiation  unless  it  can  he  shown  that  changes  of  ionic 
environment  })roduced  ])y  irradiation  afTect  the  cataphoretic  velocity 
only,  or  unless  it  can  be  shown  that  determinations  of  actual  velocity 
made  with  the  Nortliro])  Kunitz  cell  are  in  the  same  order  as  values 
obtained  with  the  Falk  cell. 
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B.     Initial,  Early,  and  Late  Electrophoretic  Readings  Suggest  a 
Recovery  Period 

A  study  of  data  obtained  in  PARTS  ONE  and  TWO  led  us  to  sus- 
pect that'the  amount  of  time  chi])sed  between  the  process  of  irradiation 
and  the  making  of  electroplioretic  readings  was  a   factor  which  must 
be  takc!i   into  considei-ation   in   analyzing  variations  obtaiiuHl.      It  was 
thought,   if  O.stcrhout  \s  ohsei-vai  ions  on  coiidiictivity  were  correct,   that 
a   simihii-  ctlVct    was   to    l)c   (^xpcctt'd    in   ('l('ctro})horc1  ic    velocities.^     For 
instaiu-e,    if   tlu>   cell    was   imM'ely   injured    by    very   sliort   irradiation    it 
iniirlit   have  recovery  ])ow(n-  after  the  .stimulus  is  taken  away,  and  thus 
a    tendencN-    for    the    electroplioretic    velocity    to    return    to    that    ol"    the 
unrayed  sample,  but  if  the  cell  was  killed,  svu-h  i)Ower  of  i-ecovery  would 
not  be  present.     If  such  were  the  case  one  would  expect  gri^ater  varia- 
tions  in   the   electrophoretic   velocities   in    immediate    ("initial"),    and 
later  reaamgs   (al  ieaj^i  iii      caiA       aiia  ])Li.iiapo  ^n      ^ciii.    j    ,.^^^x.   r-j^.. 
pensions  were  used  which  were  irradiated  less  than  the  time  necessary 
to  kill  than  when  those  which  were  rayed  for  a  longer  time  were  used. 
Furthermore  one  would  exi)ect  a  return  to  normal  in  studies  involving 
.short-time  irradiation  and  no  such  return  (constant  readings)  in  studies 
in  which  the  suspensions  were  irradiated  for  a  longer  time. 

That  this  hvpothesis  has  more  than  a  germ  of  truth  in  it  is  suggested 
by  the  data  given  in  Tables  XVII  and  XVIII.  When  the  suspension 
was  irradiated  for  only  30  seconds,  witness  the  change  in  velocity  from 
8.93  for  initial  to  1).54  and  9.32  for  later  readings,  9.78  being  the  value 
for  the  non-irradiated  sample.  Note  also  that  values  for  velocities  of 
sam]^les  raved  15  oi'  30  minutes  were  constant,  showing  no  return  to 
normal.  I'n  Table  XVIII,  the  fact  that  the  values  9.54  and  9.88  for 
''earlv"  readings  are  followed  by  9.32  and  S.Gf)  respectively  for  "late" 
readings  suggests  that  even  with  30  seconds  and  one  minute  irradiation 
the  recovery^just  mentioned  might  not  be  a  permanent  one.  This  will 
be  discussed  in  detail  in  a  subsequent  paper. 

These  vahies  not  only  indicate  the  need  of  making  readings  at  a 
definite  time  after  irradiation  especially  when  the  irradiation  time  is 
short,  provided  one  desires  to  obtain  comparative  readings  in  a  com- 
parative study  of  the  eft'ect  of  irradiation  on  bacterial  electrophoretic 
velocities,  but  they  also  suggest  that  short-time  irradiation  merely  in- 
jures cells  (Osteriiout)  i.e.,  brings  about  a  temporary  abnormal  condi- 
tion, and  a  reversible  change  in  permeability  permitting  recovery,  while 
long-time  irradiation,  causing  death,  brings  about  an  irreversible  change 
in  permeability  from  which  the  cell  cannot  recover. 

r.     Ac.glt'tixatton   tax   not   ArfURATETA'   ^Feasfhe   Effect   of    Srn- 
lethal  Irradiation  and  Indicates  Recovery  Period 

Like  Table  XII,  Table  XIX  suggests  that  the  initial  stimulation 
which  was  oiiserved  in  an  increase  in  electrophoretic  velocity  (Tables 
III,  V,  X,  XI)   is  an  erroneous  observation   (see  Summary,  5,  PART 
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ONE).  It  suggests  that  the  decrease  in  charge  is  experienced  even 
Avith  brief  irradiation,  or  that  even  here  it  follows  the  stimulatory 
increase. 

Tiiat  there  is  a  recovery  period,  and  that  a<rp:lntination  docs  not 
n('(Mirr)t(iy  measure  tlie  efl'ect  of  sub-lethal  irradiation  is  sufrprested  by 
tli<>  t'jict  that  electro])h()rctic  velocity  diiTtM-ences  were  ol)served  in  "ini- 
tial/' "early"  and  "late"'  rc^adiuiis  of  Table  XVI 11,  whereas  a^^jjlutin- 
at  ion  data  obtained  (Table  XIX)  wIkmi  llio  iiiiiinino  serum  was  added 
at  times  com])arable  to  tlie  times  at  whieli  the  "initial,''  "early,"  ami 
'"late"  readinir^  \ver(^  made,  showed   no  silhi ificant  difVei'i^nce.^. 

D.  Lysis  ArroMPAXiEs  Irradiation 
Table  XX  is  coiiiparable  to  Table  IX. 

E.  An  Increase  of  })II  Accompanip:s  Irradiation 

Changes  in  pH  were  frecpiently  observed  accompanying  irradiation  of 
bacterial  suspensions  during  the  work  of  PARTS  ONE  AND  TWO, 
but  a  comprehensive  study  of  this  change  was  made  in  connection  with 
this  work  only.  The  data  are  reported  in  Table  XXI  which  shows  that, 
even  with  30  seconds  irradiation,  there  was  an  increase  of  pll  of  ap- 
proximately 0.7,  increasing  to  1.1  for  irradiations  of  30  minutes.  Since 
the  pll  of  the  water  used  was  6.0  to  6.3,  and  that  of  suspensions  pre- 
pared also  6.0  to  6.3,  irradiation  was  accompanied  by  an  increase  in 
])II,  i.  e.,  by  a  change  to  alkalinity. 

These  data  are  contrary  to  the  expectations  of  the  authors,  II ill  hav- 
ing shown  that  an  increase  in  hydrogen  ion  concentration  accompanies 
the  aggregation  of  particles  in  the  cells  of  infusoria  and  bacteria  ob- 
served under  the  nncroscope  as  the  l<>thai  action  of  light  progresses, 
and  Lillie  having  suggested  that  a  stimulus  operates  by  oxidizing  the 
surface,  thus  producing  acid. 

Since  there  has  been  an  increase  in  pll  it  occurred  to  the  authors 
that  this  increase  nnght  have  been  brought  about  by  diffusion  outward, 
during  change  of  pei*meability  or  dui'ing  lysis,  of  cell  contents  of  pll 
higher  than  that  of  the  dispersion  medium,  and  that  this  change  of 
ionic  concentration  was  responsible  for  the  change  in  electrophoretic 
velocity.  That  this  is  not  the  explanation  for  the  increase  in  pH 
observed  will  be  shown  in  a  subsequent  paper. 

Summary 

1.  The  Falk  cell  lends  itself  to  obtaining  practically  identical  re- 
sults with  capillaries  of  the  same  length,  etc. 

2.  Electrophoretic  velocities  indicate  a  recovery  period  following 
sub-lethal  irradiation. 
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3.  With  lethal  periods  of  irradiation,  a  decrease  in  charge  accom- 
panies death  of  Esch.  coli. 

4.  Agglutination  can  not  accurately  measure  the  effect  of  sub-lethal 
irradiation,  and  indicates  a  recovery  period. 

5.  Lysis  and  increase  of  pll  aeeom[)any  irradiation. 

6.  A  time-hig,  pointed  out  by  Mooney,  was  ol)^eI•ved  b\'  eh'ctrij- 
plioretic  measurements. 

General  Summary 

The  hypothesis  is  ma(k;  that  irradiation  of  Esch.  coli  suspensions  with 
rays  from  a  "B"  carbon  arc  should  effect  (a)  changes  in  the  electro- 
phoretic velocity  and  charge  of  the  organism,  (b)  changes  in  the  agglu- 
tin ability,  (c)  lysis,  (d)  chauires  in  via'bility,  and  (e)  chanfres  in  pH, 
and  that  the  irradiation  should  produce  an  initial  stimulative  action, 
one  which  makes  itself  felt  in  temporary  increase  of  negative  charges, 
and  a  lethal  action  which  is  accompanied  by  a  permanent  decrease  in 
charge  measured  electrophoretically,  and  that  these  changes  should  be 
paralleled,  at  least  to  a  certain  extent,  by  changes  in  agglutinability. 

The  extent  to  which  the  data  obtained  in  three  separate  researches 
agree  with  the  above  hypothesis,  and  various  other  findings  are  given 
in  three  separate  sumnuiries.      (See  pages  -4,  30,  and  40). 

Acknowledgment 

The  writers  desire  to  thank  the  National  Carbon  Company  of  Cleve- 
land, Ohio,  for  its  assistance  in  furnishing  the  Carbon  xVrc  Lamp 
and  the  electrodes  used  in  this  work. 


BIBLIOGRAPHY 


Abdeiiialdon  and  Kossnor     1028. 
J.   Physiol.   Cheiii.,  I7H,   I.IO. 

Ahramson     1027. 

Jonr.    Kxi)or.    Med.,    'iG,   987. 

A^nilhon     1011. 

C(»mi)t.    Kend.,    152,   308. 

A^MiIhon     1011. 

Coinpt.    Kend..    /J?,   070. 

Barnard  and  Morj^an     1003. 

Brit.  Med.  Jour.,  2,  12()0. 
Bayno-.Tones  and  Van  dor  Lingen     1023. 

Bull.  Jolins-IIopkins  IIosp.,  S'f,  11. 

Bazzoni     1014. 

Am.   J.    Pub.    Health,   //.   07.'). 

Beaver    and    Muller     1028. 
J.   A.   C.   S.,  50,  304. 

Bedford     1027. 

Brit.   J.    i:xp.   Path..  8.   437. 


P>en()it    and    Ilelbronncr     102.'>. 
C'(»mpt.  Kend..  171.  78(;. 

Berini;   and    Meyer     l!n2. 
Strahlentherap..    /,   411. 

Bersa     1027. 

Protoplasnia,    /,    I.jO. 

Blom     1013. 

Z.   Ilyg.,   77,,   242. 

Bovie     1013. 

Cheni.    Zeit.,   -H,    148G. 

Bovie     1!>13. 
Science,  .^7,  24. 

Bovie     1013. 

Science.  37,  373. 

liovie     101'). 

Bot.    (Jaz..    5!K    140. 

Bovie     1016. 
liot.  (laz.,  HI,  1.  (Good  bibliography) 


42 


The  Pennsylvania  State  College — Agricultural  Experiment  Station 


Jlnlhtiii    :;(;      Kff<ct   of  1  mKlUit i<,ii   on.  I'J.^cIn  rlcliia   Coli 


43 


Bovie     1918. 

J.  Med.  Kl'S.,  3U,  271. 

Bovie     1920. 

Oxford    Med.,    1,   ;i39. 

Bovie     192r>. 

Anier.    J.     Koent.    and    Bad.    Ther., 

P.ovif     and     halaiid      l!)L';i. 
Am.    .1.    I'livsiol.,    h(),    7)7*. 

I'.n\ii'    and    lln.uhrs      I'.HS. 
J.    Mini.    lies..    ,i!K   li:.":;. 
(\    A..    /■-'.   L'O'Jl,    IDlti. 

B..vi»'    and    ilui^lu'S      l'.)19. 
J.   Cien.    IMiysiol.,    /,   ['.'SA. 

Bovie  and   Klein     1919. 

Jour.  Gen.  Physiol.,  i,  3;U. 

T?rn^Vni](<r    ;ind.    T?ll^'>^       1917. 

l»roc.    Boy.    iSoc,   .90,   IVA. 

Bur^'e     191G. 

J.   Frank.   Inst.   7^^.^   2(54. 
C.   A.,   Jf),   2470,   191G. 

Bulge     1917. 

Am.    Jour.    Physiol.,    /,.;,    429. 

Burjr(\   Fischer   and   Neill     191G. 
Am.    Jour.    Physiol.,    J,0,   420. 

Burj;e   and   Neill     19ir>. 

Am.    Jour.    Physiol..   JS,   401. 

Bur.i^er     1928. 

Inst.    Sci.    B(^s..    Fiuv.    of    Cin.,    Ser. 
IV.,   2. 

Bujwid     P.)ll. 

Chem.    Zentr..   ,?.    ir.42. 
C.   A.,   0',   1479,    19r2. 

Calvin      li):;0. 

Amer.    Jour.    Physiol.,   !)3,    2.    039. 

Ccrnovodeanu   and    Henri     1910. 
Compt.   Bend.,   7,70,   02. 

('(•rnovodeanu    and    Henri      1910. 
Compt.    Bend.,    J.V),    729. 

Clark     19L'2. 

Physiol.    Bev.,    ?.   21^7. 

Clark     1J)22. 

Amer.    Jt)ur.    Hyg.,    2,   322. 
Clark     15)2.'). 

Amer.    Jour.    Physiol..    7.?.    049. 

(N)l)lentz   and    Fult<m     1924. 

Sci.   Papers,   P>ur.  of   Standards,  49r». 

Cole      1917. 

Jour.    FxiK'r.    Med.,    2(1,    47)3. 

Courmont      1911. 

Chem.    Zeit..   .;.7,    8(K). 

Courmount     IJUl. 

J.    S.    C.    I.,   ,','1,    1027. 

Cowdry      1921. 

(Jencral    Cytology,    Univ.    of   Chicago 
I'ress. 


Crile,   Bowland  and  Telkes     1928. 
Proc.    Nat.    Acad.    Sci.,   Vf,   532. 

l)e   Voogt     1910. 
Z.   Ilyg.,  81,  02. 

Dognan  and  Tsang     1928. 

Compt.    Bend.    Soc.    Biol.,   OS,    22. 

Downes    aii<l    Blunt      1S77. 
I'l-oc.    Hoy.    Soc.,   .>ii   4S8. 

Fills    and    Wells      T.>2:'.. 

The   Chemical    .\ction    of    Fit  lavioh.'t 
Bavs. 

The    Chem.    (/at.    (%>. 
Falk.    (liis.siii    and    .Iac((hson      ll)2.'t. 

J.    Inf.    Dis.,   37,   481. 

Fa  Ik     1927. 

Amer.   J.   Puh.   Health,    17,   714. 

Fnlk    and    Jjx-olwon      19'^" 
J.   Inf.   Dis.,  37,  r)07. 

Fa  Ik    and   Jacohson     1920. 

J.    Inf.   Dis.,   38,   182  and   188. 

Falk    and    Jacobson     1927. 
Jour.   Bact.,  J3,   191. 

Falk,    Jacohson    and    Gussin     1923. 
J.  Inf.  Dis..  37,  49.1  and  499. 

Falk.    Jensen    and    Mills     1928. 
Jour.    Bact.,    /.7,   421. 

Falk   and   Matsuda     1920. 

Proc.    Soc.    Fxi>er.    Biol,    and    Med., 
23,  7S1. 

Falk    and    Beed     1920. 

Amer.  Jour,  of  Physiol..  7.7.  3,  010. 

Falk.    Sharp   and    Link     1927. 

Proc.     Soc.    Exper.    Biol,    and    Med.. 
2  J,    ,m(). 

Fair     1920. 

J.    A.    W.    W.    A.,    7,    :{2.".. 
Felton    and    Bailey     1920. 

J.    Infect.    Dis.,    .',8,    131. 

Fulton   and    Cohlcntz     1929. 
J(.ur.   Agr.   Bes.,  38,   ir)9. 

Gates     192S. 

Science.   0"N,   479. 

(lates     1929. 

Jour.    Gen.    Physiol.,    /.},    231. 

Gates     1929h. 

Jour.    (;(Mi    Physiol.,    /,?.    249. 

Gates     19:;0. 

Jour.    Gen.    Physiol.,    7  J.   31. 

Giltner      1920. 

Microbiology.   3rd    Kd.,   p.   oO,    Wiley. 

Girard  and   Audubert     1918. 

Compt.  Bend.  Acad,  de  Sci.,  107,  3.~)1. 

Gorbach    and    Lerch     19.30. 
Biochem.    Zeit.,    219,    122. 

Green    and    Larson     1922. 
Jour.    Inf.    Dis.,   SO,   .^-,50. 


I 


I 


Hadh'y      l'.>27. 

Jour.    Infect.    Di.s..    JO,    1. 
Hadley      1  ill's. 

.Ladan   and    i-'.iik.   Chap.   7. 

Hanis    .-ind    ll.syt      P,)17. 

Sii('!ice,     /()■.    :;is. 

11.11  li-    ami     !!<i.\i       llljl*. 

I  la  III-' Jii      i  11,1     i'nrlM'v       i'.iL'."!. 
.!.    '»!''•     >^'"-      Amh'I'  .     /",     1. 

I  b'i'lrllMrL'rr  I'.ilJT. 

<  'Imiii      !u'\   ,    .;      id.",, 

Il.'titi      I'll;;, 

<  'liem.    Zeit ..     /T.    ',(77. 
Heiiel       r.l(l."». 

Zeitschr.    Ailgem.    Pliy.s..    .7.    t)."i. 

J   {  O.-J  ;.[  1  <  W  )~. 

Zeitsclii-.    All-em.    Phys..   .7.   ."IM. 

Hig-ins    and    Sli(\ar(l      1!>2<;. 
J.    Fxpi.    Z0..I..     'ii;.   XV.l 

Hill      1!)iM. 

Proe.     Physidl.     Soc.     Jour.     Phvsiol.. 

Hiniichs      1!)l'8. 

Proc.    Smc.    Fxptl.    Pdol.   .Med..    ?<;.  17.~>. 
HotTm.in      IJtll). 

Deulsch.   -Med.   Wchn-clir.     .^   lL'9.3. 

Honulitun     aid     I)a\is      I'll  1. 

Am.    .loin-.    Pub.    Health.    ',     2l:4. 
Jacolt.^oii    and    Falk      l'.rJ7. 

.ronr.    P.act..    /..',    PH. 

Jensen      P.I2(;. 

Proc.     Soc.     Ilxper.     I'iol,     and     .Med., 

.'■!.   7n::. 

Jelisr'n       P.11'7. 

.\ni.   .lour.    Pub.    Health.    /7.   71  1. 
Jensen     and     I'alk      P.iL's. 

.Jour.    Pact..    /■;.    .",»;7    and    421. 

Jensen.   Falk.  'i'onn<  y  and  White      P.i2^. 
.lonr.    Pact..    /.7.     n.'I. 

Jordan    and    Calk      P.H'^. 

The       .\e\vei'        Knowledge       ot"       P.ac 
tei'iolouy.    Fniv.    of    ("hieauo    Pres-^. 

Kahn    and    Schwarzkopf     1931. 
Am.    Bev.    Tuber..    .'/.   4.".. 

c.  .\..   p.i:;i.    .'■..  :!»;s.".. 

Kawakami      1929. 

Jour.     Plnirni.     S«tc.    .lap.,    ff'K    .'101. 

Koert/.      1923. 

Pd(Khem.    Zeit.,    /.>'7.   :i72. 

KoliufM"      192.''». 

hilection.      immnnitv      and      I'iologic 
Therap.\'.    ."'.rd    I'd..    SanmhM-s. 

Kreusler      P.Mil. 

Ann.    (ler    Pliv<ik.   H    112. 


Kruyt     1927. 
Colloids.    Wiley. 

Laurens      P.I2.S. 

Physiol.   Rev.,  N,   1. 

I.e     lion      1920. 

<  "ompt.     Pend..    /7'/.    1  [."0. 

l.ilik        P.lL'^ 

•b'i  .lai!      ;i;!i|      ^';ll!^.      (  ■!;;)  p.       I   !. 

I.iiiU    a-i(l    Hull       I'.cJT. 

I'"'    <  ;;i.' ,  "^ ;.    !  ]•_'. 

I.ml^    and    Sh.irp       I'.y^l. 
P"!  .    '  ;a/...   N  ;.    I  1:,. 

•  I'.ii !  .    (  .(  11.    Pliv-ioj..    .■,.    ."(l."». 
!.o(4»       P.r_M. 

.lour.    Gen,    Physiol.,   t!.   :;(I7, 

l.ini\e    ei     a  I.       iiijit. 

.loiii-.    F\p.    .Med..    ','.),    7711. 

Lnckiesii    and    Pacini      P.ii'O. 

Liiilit  and  Health.  Williams  and 
Wilklns. 

L,\inan      P.llo. 
-\;it  lu'e.    ^  /.   7] . 

.MacCallnm      P.ipi. 

'i'extbook  of  Patholog.\',  Saunders. 
.M.I  i(  blew  ski   ami   Wier/uchowska    P.I2^. 

Pull.    Intern,  de   Tacad.    Pol.    Sci.  471. 

< '.  A..   !.'>.  !•(;.".»;. 

.Matt^on      P.i2!>. 
Soil    Sci..    .•'>'.   :;73. 

.Mayei'       P.tL'j. 

Am.     Pe\  .     (i|     Tnliei'culo>is.    .7.    7.~i. 
.Mayer     P.rjd. 

<'liiiical  .\pplication  of  Snidiuht  and 
Artilici.il  Kadiation.  Williams  and 
Wilkin^. 

Millikaii      P.i-_'7. 

.Mayo  I'oundat  ioii  Lectures,  p.  P,l, 
S;iniider««. 

Mi^li.  lieidx(^      P.tL'7. 

Zlnii-nal    Ilxjitl,    P.iol.    .Med..    /;.   4.3s. 
< '.    .\  .    P.i_'>.    /.'.  Co;;. 

.Mond      P.I22. 

Ptln-er"-   .\i(  11..    /.'"»■.   .-.40. 

-Mond      1:12:;. 

Pllii-cr'-    .\r<li..    .''/",   ;;T1. 

.Mond      P.12:;. 
.loui-.  ciieiii.  Soc.  /.''.;.  s»;s. 

.M(.oney      p.  ••_•!. 

Pli.\>.    Lev.,    .'.;.    :;!•»;. 

-Mooney      1P27. 

Phy.s.     \ivy..     >U.    21S. 

Morgulis      p.tl'.d. 

J(»nr.    P.iol.    ( diem.,    Sil    7.~i. 


44 


'I'Ik     r<  II  n.sjil  idiii  ;    Stii/i     (Olh //(        .{(iricnll  iifdl    l\.r  [xii  im  iil    Stdliaii 


Molt  (111      IDL'S. 

K;i(li;il  ion      in      ( 'liciiiist  r\ .      I>.      \';iii 
Xostniiid    ( 'o. 

-Miidd    el    ;il.      ll>liS. 

('olloi<l     Sxillp.     MolloUlMpll. 

\;i1ioii,i!       'I'lirr.-ipi'iil  ic      Ai'c      ( ";irl)oiiv, 
\';i  I  i(il!;i  1        (  '.-I  I'lidii        (  ',  I..        (  'lr\cl:i  inl. 

<   »h  in. 

Ni'IiIk  ru       i'. 1 1  i. 

r.idchiiii,    /fii -ii,  1  .    i;\    r,:i. 
\f\\  ,  Miiii  :        1  '.1 1  7. 

.I'.ii!-    i:\|M  !•,    M,  ,1  .    ,'/;.   vn 

/.   I'.diMii..   / .'.  1^;:;. 
C.  A.,   iii-ji.   /.',.  !!»:.;;. 

XorMirop   ;iii(l    I>cKi-iiir      llfJl'. 

.loiir.  Cell.  r!i\vioi..   '/.  »;:;•;»  .-hkI  Ct"^ 

Aiiu-r.  J.    Physiol..  83,  2r>4. 

Ostniiout      ^'^•2'2. 

Iii.jiiiy.   K(((.\rry  ;iii(l  Death,  Lippiii- 

C'ltl. 

Pnciiii      1!>L'::. 

.1.    K;i(li(.lo,uy.    'i,  80. 

I '.It  I  (111     1  •>•_>«;. 

•loiM.    Aiiicr.     Vet.    Med.    Assoc,    69, 

IV'rh        I'.ILMI. 

Coiiipt.    Pond.,    no,   1246. 

I  •cell     i:tL*r.. 

•lour.    Mcil,    I'.ordr.iiix.    /o.    l.'U. 
lMi\-i..|.    AN-ti-..    l!ij.".    /".    ;;7  1. 

riiicn^^rii     r.ii!:;. 

l'.i<:(  liciii.   /.oil..    1. 1',,    ir.li. 
I'iiKU-scii      r.>2{. 

P.iuchrlii.     Z(Mt.,     f.yi,    .•?(',. 
Piinil-^fii    »1     ;il. 

Hiochriii.  Zcit..  r.»L'::.  /.;;.   tTO. 

p.io(ii(>ii!.  Ziit..  ^\y2'^.  i',!.  -i-ix. 

piociieiii.  y.vw..  v.vix.  I )',.  ;:(;<;. 

liifuhciii.  Zcit..  \svi{\.  n;s.  .}.-,7. 

p.io(  ii.Mti.  Zcit..  i:»lm;.  ni.  i. 

P.i.M-iiciii.  Zcit..  P.tL'S.  /.'(.•;.  7'.t. 

P.i<.(h<'iii.  Zcit..  1!>2s;.   /.''.7.   S7. 

I'.in.iiciii.  Zcit..  lifJ^.   /,'/■;,  ♦)(;. 

P.iM.  hciii.  Zcit..  l!»L's.  ,.'''>.;.  .",:;». 

P.incliciii.  Zcit..  r.»L':t.    v/7.    11(1. 
I'ciiiiciit  f(»rsclniii.t;',    P.t2."i.    >.    1^1. 

Poih1<t      Prjr,. 

.1.    Cell.    Ph\-icl..    .''.    Si!7. 

li.iiic      i:>L'l». 

Pr.M-.    S(.c.    i:\ii.    i'.iol.    .•nid    M<(l..    ^il. 
•J'.t'.t. 

li(i--ciio\\    ;iiid   .Icii-^cii      I'cli.   P.t."',(i. 
Plcir.    .M.|\  o  ( 'liiiic 


Schul/      P.ilO. 

Dermatol.    Zeitsihr.,    /7.   :UU. 

Schwa  rz      1  !)(>;;. 

Arch.   t'.  d.  ucs.   Physiol..    I'X),  7i:y2. 

Sciirti   and    ("ortcsc      11)27. 

Ann.    ("liim.    .Vpitlicjit  a.    /7.    107. 
<  '     .\..    I'.fjs,  j.j,   L'U. 

S!i:mi.        r.  tL'T. 

Sli.M  I'.:  I,  111'-- \      ,ii!<l     (  ■  I  i~--\\  I'l  I       IDi:.'.. 

.i.HM-    nf  <  it'  1    i'ii\  -\"\  .  ''.   iL';;. 

Mmmh  r       !'.•!'.  i 

I'M',     (  ;i  iiiii    I 'iiii     s.M-  .   /'',  ut;;; 

Sh.;ii-i  r      i:i-J:.', 
.1.    lI.Ni:..    I  .'.   77. 

Si.i      P.ILT,. 

?.,iM-     i-'v).,..-     \r<.,i       '.  .'    i;v> 

I     ■  ■    -  ■     '  • '    /  '  •    

Snndnchowski      p.fJl . 

Oraciz.     H.indhuch    <1.    l!:icl<tr.    ii.    d. 
Mairnct  isnms,   ..\  :!(;r>. 

Si.icuvj    Adolf  ct.   al.      P.)L".t. 

P.io.-hcni.   Zcit..    >iiS.  :V2. 
Svani»ci-     P.iL'l. 

Aiki\.    Kcini    Mincr.il    (Jeoj..    ,^.    1. 
('.  A..  p.tL'2,  m.  -J  17,:;. 

'I';ikanm.i;i       1!»L'!). 

P.nil.    .Vur.    Clicin.    Soc.    ,l;iii..     ').    '.•. 
« '.    A..     P.rj'.i.     !.;.    .".iMl-J:      (  •.    a.    IH.'U). 

Tchahotinc      P.tL'l. 

Ann.     Inst.    P.i-t..    .','>,    :V2]. 

(\  A..  iiiL'i    1.1.  :\'2\):\. 

T\\ii-\r    ;iim1    Wolf      1!)(M;. 

Arch.   1'.    Hy-..  .77.  2t>. 
Thiclc    :ind     Wolf      P.t(i7. 

Arch.    f.    Ilyi:-..    <!".    Li'.t. 
'i"itt-lcr    ;ii)(|     I.issc      P.iL's. 

•I'liir.   of  P.;n-t..   /.7,    Ki,"). 
\\';ird      isitl':;. 

Pr<ic.   i;<.y.   Sc<-..  .7.;.  ;•,!•;;. 
\\'ar(|      is'.i:;. 

Prnc.    K(.y.    Soc..    .7.;.    2'A. 
NN'ai'd       l^!i:;. 

Pl-nc.     K(i\  .     Sue.      .7  ',_     \~2 

NVard    and    I'r.iiiklin      Is'.t:;. 
Pr<'<'.    Poy.    See.,    ,7.)'.    177. 

^\'ic--ncr      l!i(i7. 

.\rcli.    f.    II\  -..   /,/.    1 

\\'iiix|n\\.     P.iik.    ,111,1     C-iidticId      prj::. 

•  '"ur.    (Icn.    Pli.\-i(.|..    i;.    177. 
Vdiiim    ;iiid    Piimrcc      lit].", 

•'"">■.    Pli.\  -.    (  hcni..    /7.  (;.')7. 
Zihcr     p.ti;:. 

Pii--ki     Nr.iicli..    /  .'.    .~!I7. 

< '.   .\.     i:ii:;.   7.  :;(;(i:;. 
Ziickci-     r.iL".!. 

.Icni.   Ill    P..1CI..    /7.    is. 


P'\ 


y  <^ 


Reprinted   from   Scif.xck,   Ajjril   22,    1932,   Vol.   75, 
Xo.  1947,  ]Ki^vs  438-439. 


THE  INCORPORATION  OF  SCIENTIFIC 

SOCIETIES 

At  the  Cleveland  10:^n-:n  meetin'^  of  the  American 
Society  of  Plant  Physiologists  the  question  as  to  ^the 
advisability  of  incorporating  the  society  was  referred 
to  a  committee. 

Of  the  twenty-one  scientific  societies  investigated, 
fifteen  are  incorporated.  Seven  of  these  societies  are 
incorporated  in  the  District  of  Columbia,  one  in 
Illinois,  one  in  Wisconsin,  one  in  Massachusetts,  one 
in  Xew  York  and  one  in  Pennsylvania.  As  the  reasons 
for  and  ways  of  incorporating  learned  organizations 
may  be  of  interest  to  other  scientific  societies  the  lind 
ings  of  the  above  committee  are  here  summarized. 

The  advantages  of  incorporation  are  important, 
inasmuch  as  it  establishes  a  learned  non-profit  organi- 
zation as  a  legal  entity,  thus  bestowing- 

(1)  P>eedom  from  financial  responsibility  in  any 
lawsuit  against  the  members  on  account  of  any  action 
of  the  society. 

i'2)  The  ability  to  hold  property  ;ind  to  receive 
gifts  and  bcipiests. 

A  few  .scicntilic  societies  reported  to  our  commit 
tee  that  incorporation  had  resulted  in  the  accumula- 
lioii  of  funds  for  research,  etc.,  by  giving  greater 
security  to  endowment  i'unds  and  thus  making  i; 
easier  lor  donors  to  give  relatively  large  f^H'ts  and 
be(|uests. 

The  pcssible  disadvantages  are  related  to  the  free- 
dom of  action  of  the  organization.  An  unincorporated 
society  may  do  as  it  chooses,  whereas  upon  incorpora- 
tion  the  organization   must   comply   with  the  laws  of 


tlio  jurisdiction  wIuto  it  is  incorporated.  Practically, 
howevci-,  tli(>  (lisadvantaj^cs  resulting:  ir(»ni  this  rt'- 
straint  or  freedom  of  action  is  re^uarded  by  legal 
authorities  as  being  slight.  The  statutes  of  some 
jurisdictions  imi)ose  fewer  restraints  than  others  and 
the  reciuirements  for  head<iuarters,  annual  meetings, 
reports,  etc.,  differ  in  different  jurisdictions. 

The  procedure  of  incorporating  under  the  laws  of 

me     L>lSLricL     Oi     Loiumuia,     itiiu     aiou     m     c<^i.cc*iii     v^ci^U. 

jurisdictions,  is  relatively  simple.  The  statutes  of  the 
District  of  Columbia  relating  to  corporations  and  of 
certain  other  jurisdictions  relating  to  learned  non- 
profit organizations  neither  require  a  resident  director 
nor  the  maintenance  of  an  office  in  the  jurisdiction. 
Meetings  may  be  held  anywhere  and  at  any  time  with- 
out restriction. 

The  principal  requirements  under  the  laws  of  the 
District  of  Columbia  may  be  taken  as  an  example  of 
the  general  procedure:  (1)  Any  three  or  more  per- 
sons of  full  age,  citizens  of  the  United  States,  the 
majority  of  whom  are  citizens  of  the  District  of 
Columbia  may  incorporate;  (2)  a  certificate  in  waiting 
must  be  filed  in  the  office  of  the  Recorder  of  Deeds 
stating  (a)  the  name  of  the  society,  (b)  the  term  for 
which  it  is  incorporated,  which  may  be  perpetual,  (c) 
the  business  and  objects  of  the  society,  (d)  the  number 
of  its  trustees,  directors  or  managers  for  the  first  year 
of  the  incorporated  society's  existence. 

Upon  the  execution  of  the  articles  of  incorporation 
of  the  society  and  the  deposit  of  same  with  the 
recorder  of  deeds,  the  incorporators  then  form  a  tem- 
porary organization  in  Washington,  D.  C,  at  which 
meeting  one  of  their  number  is  elected  temporary 
chairman  and  another  temporary  secretary.  The  con- 
stitution and  by-laws  of  the  organization  as  then 
sta.iding  are  adopted,  and  all  the  then  existing  mem- 
bers of  the  society  are  declared  elected  members  of 
the  corporation  with  their  present  rights  and  privi- 


leges. The  meeting  then  adjourns  to  assemble  at  the 
next  regular  place  of  meeting  of  the  now  incorporated 
society. 

Many  of  the  scientitic  societies  investigated  dis- 
pensed with  legal  assistance.  Under  such  conditions 
the  only  expense  involved  is  the  registration  fee  of 
two  or  three  dollars.  A  few  societies,  however,  ob- 
tained advice  of  counsel  in  making  such  changes  in 
their  bv-laws  to  conform  -wifh  fVio  ofnfufp  n-nt^nv  ^^i^^^^ 
incorporation  is  sought.  The  expense  in  such  cases 
is  about  one  hundred  dollars, 

A  comprehensive  discussion  of  the  business  rela- 
tions of  non-profit  corporations  is  given  by  Harriman 
in  Corporate  Practice,  Review  1,  7-11,  1929. 

Burton  E.  Livingston 
Johns  Hopkins  University 

James  B.  Overton 
University  of  Wisconsin 

Walter  Thomas  {chairman) 

Pennsylvania  State  College 
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It  is  generally  accepted   that  strain.s  of  Bhizohlum   meUloti 
vary  greatly  in  their  ability  to  "fix"  nitrogen.     The  species  was 
divided  into  two  serological  groups  by  Stevens  (1923)      These 
groups,  designated  as  A  and  B,  also  differ  in  other  respects 
Croup  A  grows  faster,  produces  a  more  abundant  growth    is 
more  sensitne  to  acid,  and  produces  a  greater  change  in  titrat- 
able   acidity  and   hydrogen-ion   concentration   of   the   medium 
than  group  B.     Stevens  (192.5)   reported  that  "in  general  the 
group  A  strains  fixed  almost  twice  as  much  nitrogen  as  did  the 
group  B  strains."     In  view  of  these  well  defined  and  constant 
differences  Stevens   (1925)  appears  to  be  justified  in  his  con- 
clusion  that   "these  variations   are  manifestations  of  inherent 
differences  m  the  nature  of  the  organisms."     It  seemed  logical 
to  us  to  a.ssume  that  the  "inherent  differences"  are  of  «uch  a 
physico-chemical   n.'.ture   that    they   should   b(.   measurable   by 
suitable  methods.     This  suggested   the  possibilitv  that   differ- 
ences m  elect rophoretic  jiotential  might  exist  in  relation  to  the 
difierences    ni    nitrogen    lixing    ,.,l)ility.     A    direct    relationship 
between    the    magnitude    of   elect  rophoretic    potential    and    the 
degree  of  virulence  of  pneumococci  was  reported  bv  Falk   (aissin 
and  Jacobson  (1925j.     During  the  progress  of  the  present  study, 

'  The  expcriniont:,!  ,l:,ta  ohtMino.l  by  fh,-  Xorthrop-Kunitz  mctlio.l  .re  from 
.1  t  .es.s.ummte.l  by  If.  I,  iVrsuson  i„  p.rti.l  fulfillment  of  the  requiren,ents  for 
a  , IcKree  "f  Master  of  .s.ien.e  in  tl,e  ( inuluate  .s,.l,ool  of  The  I>enn,svlvania  .State 
Collepjo,  192S. 

^  Pul)lishe(l  hy  ,,ormi.s,.ion  of  tl.c  Director  of  the  IVnnsvlvania  Agricultural 
Ivxpennient  Station  as  Technical  Paper  \o.  541. 
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Jensen  and  Falk  (1928)  reported  an  inverse  relationship  between 
the  elect rophoretic  potential  and  the  toxigenieity  of  diphtheria 
bacilli. 

I1i(^  pui'pose  of  this  inxestigation  was  to  dcterininc,  first,  if 
strains  of  Rhizobiiun  iNvlilofi  vdvy  in  electrophoretic  migration 
\'clocity  ;nul,  sccoiul.  in  cas(*  \ariations  were  found,  to  notc^  any 
relationship  to  nitrogen  fixing  ability.  A  preliminary  report  by 
Tittsler  and  Lisse  (1928b)  indicated  a  direct  parallelism  between 
electrophoretic  migration  velocity  and  nitrogen-fixing  ability. 

Zucker  (1929)  in  a  preliminary  report  of  a  similar  study  stated 
"that  a  certain  relationship  exists  between  acid  production  and 
electrophoretic  velocity.  In  general  the  acid  formers  show  a 
higher  velocity  than  the  non-acid  producers.  Usually  the  higher 
the  velocity  the  poorer  the  cultures  are  with  respect  to  their 
effect  on  the  growth  of  the  higher  plant."  Later,  Zucker,  Bald- 
win and  Fred  (1930)  stated  ''there  are  only  slight  differences 
in  the  electric  charge  carried  by  various  strains  of  the  legume 
nodule  bacteria,  and  these  variations  are  not  correlated  with  the 
ability  of  particular  strains  to  fix  nitrogen."  Baldwin  (1930) 
stated  that  'Svith  the  alfalfa  group  the  good  strains  generally 
have  a  higher  velocity  than  the  poor  strains  and  that  just  the 
opposite  occurred  with  the  soy  bean  group.  With  the  other 
strains  studied,  it  was  impossible  to  make  any  correlation  between 
the  two  points.  In  all  cases  the  differences  between  strains 
were  very  slight." 

Zucker  (1930)  came  to  the  conclusion  that  "in  the  alfalfa 
group,  the  'good'  strains  generally  have  higher  velocities  than 
the  poor  strains."  He  showed  that  the  rate  of  migration  velocity 
was  altered  by  the  medium  upon  which  the  organisms  were 
grown,  the  degree  of  dilution  of  the  cell  suspension,  the  gum  or 
slime  and  acid  by-products,  and  the  storage  of  the  organisms 
in  distilled  water. 

TECHNIQUE 

Cultures.  A  total  of  20  cultures  was  used  in  this  study. 
With  the  exception  of  strains  1,  2  and  16  they  were  obtained 
from  other  investigators.     Strains  5,  6,  7  and  8  were  from  the 
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group  studied  by  Stevens  (1925)  who  found  considerably  more 
nitrogen  fixed  in  plants  inoculated  with  strains  5  and  8  than  in 
those  inoculated  with  strains  (>  and  7.  Detailed  information 
as  to  source,  original  designation  and  i)revious  descriptions  of 
all  cultures  is  given  in  table  1. 

Mnliinn.     The  composition  of  the  nKHlium  used  was  as  follows: 

Potassium  phosphate,  K-HIX),  i  n 

^  ,   .  ,       ^  '      '  1.0  grams 

Calcium  carbonate,  CaCOj  o  " 

ALannitol,  CeH.(OH)e 10  n  l'^"^' 

Agar,  Difco r,^  ^ 

T^-  X-  ,    ,        ^  20.0  grams 

Uistilled  water ,  r^rin 

1,000  cc. 

It  was  tubed,   sterilized  at   15  pounds  pressure  for  twenty 
minutes  and  slanted. 

Preparation  of  suspension.  The  agar  slants  were  inoculated 
from  fresh  cultures  grown  on  the  same  medium  and  were  in- 
cubated for  one  week  at  room  temperature.  The  growth  was 
removed  with  a  small  volume  of  distilled  water  by  a  gentle  rotary 
movement  of  the  culture  tube.  This  suspension  was  filtered 
through  cotton,  sedimented  in  a  centrifuge  at  about  3,000  r.p.m. 
and  the  cells  resuspended  in  distilled  water.  The  washing  of  the 
cells  was  repeated  twice  more  to  remove  traces  of  medium  and 
metabolic  products  which  may  have  been  carried  over  from  the 
agar.  All  suspensions  were  diluted  to  an  arbitrary  standard 
of  turbidity  and  used  for  electrophoretic  measurements  as  soon 
as  possible  on  the  same  day  they  were  prepared. 

Measurements  of  electrophoretic  velocities.  Migration  velocities 
in  the  Northrop-Kunitz  (1924)  cell  were  measured  in  essentially 
the  same  manner  described  by  Tittsler  and  Lisse  (1928a).  Ten 
measurements  of  velocity  (5  with  one  and  5  with  reversed  orienta- 
tion of  the  electrical  field)  were  made  at  7/10,  8/16  and  9/16 
of  the  depth  of  the  cell.  The  cell  was  then  refilled  and  another 
set  of  measurements  was  made.  The  two  sets  were  averaged 
provided  their  differences  was  not  greater  than  4  per  cent.  In 
case  of  greater  differences,  further  measurements  were  made. 
Thus,  each  value  given  represents  the  average  velocity  of  at  least 
60  individual  bacterial  cells. 

The  capillary  method  described  by  Falk,  Jensen  and  Mills 
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(1928)  was  used  in  the  second  portion  of  the  study  to  determine 
whether  the  earher  results  could  be  duplicated  with  another  type 
of  apparatus.  Since  the  migration  \'elocity  in  this  cell  is  affc^cted 
l)y  the  lenn^th  and  bore  of  the  capillary,  W  capillaries  which  ^ave 
almost  identical  velocities  in  j)reliminary  tests  were  selected  for 
use  in  this  study.     Aleasunanents  \v(M-e  mad(^  U})on  10  bacterial 

TABLE  2 
Migration  velocities  and  history  of  all  cultures 

Tvt^P   of  p]pf>f  rr>»-iVi<>ro-'ic    o  t>rio  »••! +  »it' 


NORTH  ROP-KUNITZ 


FALK    CAPILLARY 


Strain 

/i  sec. 
(t)0  voUh) 

XitroH;t>!i- 
fixiriK  ability 

70.28 

or  liistory 

8 

High 

10 

62  24 

Hi^h 

11 

60  00 

High 

7 

0.3 .  23 

Low 

5 

52  40 

Hif^^h 

1 

51   17 

Unknown 

6 

oO  33 

Low 

3 

4S  71 

Unknown 

4 

45  66 

Unknown 

2 

43  IS 

Unknown 

9 

35  00 

Low 

■Strain 


'45  volts) 


NitrouLTi-fixini?  ability  or  history 


O 

8 
17 
13 
19 

4 
20 
18 
16 
10 

7 
14 

9 
15 
12 

6 


15  35 
15  96 
17  05 
17  08 
17.10 
IS  25 
IS  36 
18.S2 
19  24 

19  3S 

20  20 
20  43 
20  58 
20  73 
23  91 
25  26 


High 

High 

"Good  inoculation" 

"X'en-  efficient  culture" 

"Positive  inoculation" 

L  nknown 

Unknown 

"\ery  good  inocuhition' 

Average  inoculation 

High 

Low 

L'nknown 

Low 

Unknown 

"Many  nodules" 

Low 


cells  (5  with  each  polarity  of  the  electrical  field)  in  each  of  the 
3  capillaries  and  the  velocities  of  the  30  cells  were  averaged. 

The  results  of  our  investigation  are  expressed  in  terms  of 
observed  electrophoretic  velocity  (in  micra  per  second)  at  ()0 
volts  with  the  Xorthrop-Kunitz  cell  and  at  45  volts  with  the  Falk 
capillary  cell. 

EXPERIMENTAL    RESULTS 

The  results  of  all  electrophoretic  measurements  are  summar- 
ized in  table  2.  The  cultures  are  listed  in  their  order  of  decreas- 
ing electrophoretic  velocity  as  determined  by  the  two  methods. 
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Attention  is  called  to  the  fact  that  the  observed  velocities  re- 
ported for  the  Falk  capillary  method  vary  inversely  with  their 
true  (4ectrophoretic  velocities.  With  the  Northrop-Kunitz 
method  the  fastest  velocity  (7().28/x/sec.)  was  100  per  cent 
greater  than  the  slowest  (35.0),  and  with  the  Falk  capillary 
method  the  fastest  (25.26)  was  64.5  per  cent  greater  than  the 
slowest  (15.35). 

Table  3  summarizes  the  results  obtained  with  the  cultures  of 
known  comparative  nitrogen-fixing  abilities.  With  the  excep- 
tion of  strain  5  in  the  M  orthrop-Kunitz  method,  the  high  nitro- 

TABLE  3 

Migration  velocities  or  strains  of  known  nitrogen- fixing  abilities 
Type  of  electrophoresis  apparatus 


NORTHROP-KUNITZ 

FALK    CAPILLARY 

Strain 

M/'sec. 
(60  volts) 

Nitrogen- 
fixing 
ability 

Strain 

M/sec. 
(45  volts) 

Nitrogen- 

fixi  ng 

ability 

8 
10 
7 
5 
6 
9 

70,28 
62  24 
53.23 
52.40 
50.33 
35  00 

High 

High 

Low 

High 

Low 

Low 

5 

8 
10 
7 
9 
6 

15.35 
15.96 
19.38 
20  20 
20.58 
25  26 

High 

High 

High 

Low 

Low 

Low 

gen-fixing  strains  had  a  greater  negative  electrophoretic  potential 
than  those  of  lower  nitrogen-fixing  ability. 

The  depressing  effect  of  calcium  chloride  upon  the  migration 
velocity  was  shown  in  a  single  experiment.  A  suspension  of 
strain  10,  prepared  as  described  above,  was  divided  into  two  lots; 
to  one  was  added  sufficient  calcium  chloride  to  make  a  1/110  m 
concentration  while  the  other  remained  as  a  distilled  water  con- 
trol. The  migration  velocity  in  the  calcium  chloride  menstruum 
was  reduced  to  approximately  one-fourth  that  in  distilled  water. 

DISCUSSION 

In  view  of  the  fact  that  various  strains  of  Rhizohium  ineliloti 
differ  greatly  in  their  rate,  type  and  amount  of  growth,  acid- 
producing  ability,  sensitivity  to  hydrogen  ions,  serological  reac- 
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tions  and  ability  to  fix  nitrogen  in  the  host  plant  it  is  not  surpris- 
ing that  they  should  also  differ  in  their  electrophoretic  behavior 
as  shown  in  tabk^  2.     The  differences  of  10  to  100  p(^r  cent  in  the 
migration  velocities  are  interpreted  as  expressions  of  actual  diiJvv- 
ences  in  the  physico-chemical  nature  of  the  various  strains.     The 
accuracy  of  the  methods  has  becMi  t(>sted  many  times  in  this  and 
oUier   investigations,    using  suspensions   of  Rhizohium   meliloii, 
Salmonella  pullorum,  and  Escherichia  coli,  and  we  agree  with 
Falk,  et  al.  (1925),  (1928)  and  Chapman  (1929)  that,  with  uniform 
technique,  the  experimental  error  is  not  greater  than  4  per  cent. 
A  possible  relationship  between  electrophoretic  potential  and 
nitrogen-fixing  ability  is  suggested  by  a  comparison  of  the  migra- 
tion velocities  of  the  known  high  and  low  nitrogen-fixing  strains 
(table  3).     Both  the  Northrop-Kunitz  and  the  Falk  capillary 
methods  showed  that  the  high  nitrogen-fixing  strains  (with  the 
exception   of  strain  5,   Northrop-Kunitz  method  only)   had  a 
greater  negative  electrophoretic  potential  than  those  of  lower 
ability.     Furthermore,  with   the  Northrop-Kunitz  method   the 
average  velocity  (61.64/i/sec.)  of  the  good  strains  was  33.4  per 
cent  greater  than  the  average  (46.19)  of  the  poorer  strains,  and 
with  the  capillary  method   (velocity  inverse  to  potential)   the 
average  (16.9M/sec.)  of  the  good  strains  was  30.2  per  cent  less 
than   the   average    (22.0)   of  the   poorer  strains.     The   general 
similarity  of  the  sequences  of  decreasing  electrophoretic  potentials 
obtained  by  the  two  methods  is  rather  significant  in  view  of  the 
fact  that  the  capillary  method  was  used  by  different  persons 
eighteen  months  after  the  Northrop-Kunitz  method. 

Zucker  (1930)  in  analysing  his  results  emphasizes  the  fact 
that  the  variations  among  different  strains  were  small,  never  over 
two  micra  per  second.  However,  when  his  differences  are  con- 
sidered in  terms  of  percentages  rather  than  as  micra  per  second 
they  appear  more  significant.  Although  his  fastest  velocity 
(5.14M/sec.)  was  only  I.GGm/scc.  more  than  the  slowest  (3.48) 
it  was  47.5  per  cent  greater.  Furthermore,  the  average  velocity 
(4.()3M/sec.)  of  his  four  known  ''good"  strains  was  20  per  cent 
greater  than  the  average  (3.86)  of  the  five  '^poor"  ones,  although 
the  actual  difference  was  only  0.77M/sec.     With  one  exception. 
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which  might  be  classified  as  an  intermediate,  the  ''poor"  strains 
had  a  lower  potential  than  the  ''good"  ones.  The  validity  of  our 
assumption  that  thes(*  dilTerences  are  significant  when  considered 
in  terms  of  percentage  is  milhfiiHl  in  case  an  ex])erimental  error 
of  e(jual  magnitude  is  admitted.  However,  our  experience  with 
the  Xo!lhi'op-Kunitz  and  Kalk  capillary  methods  indicates  that 
differences  of  H)  pea*  cent  or  more  are  greater  than  the  experi- 
mental error.  Therefore,  we  consider  the  differences  in  the 
"true"  velocities  observed  by  Zucker  at  the  "stationary  levels" 
in  the  Falk  (1928)  slide  cell  as  sigmtymg  actual  differences  in  the 
electrophoretic  potential  of  various  strains. 

The  observations  of  Zucker  and  ourselves  that,  in  general,  the 
strains  of  higher  efficiency  had  a  greater  negative  electrophoretic 
potential  than  those  of  lower  ability  were  not  sufficiently  ex- 
tensive to  warrant  a  final  conclusion.  Nevertheless,  they  do 
indicate  a  possible  relationship  which  is  certainly  worthy  of  fur- 
ther investigation  involving  a  greater  number  of  strains,  plant 
tests  and  nitrogen  determinations.  Such  a  study  should  also 
involve  a  comparison  of  electrophoretic  potential  and  infective- 
ness  (nodule-forming  ability)  since  Allen  and  Baldwin  (1931) 
assume  that  this  variable  physiological  activity  is  unrelated  to 
effectiveness.  In  view  of  the  influence  of  plant  passages  on  the 
effectiveness  of  Rhizobia  (Allen  and  Baldwin)  it  would  be  inter- 
esting to  determine  if  a  corresponding  change  in  electrophoretic 
potential  occurs  in  the  course  of  plant  passages.  In  experiments 
of  this  nature,  soil  conditions  must  be  carefully  controlled  in  view 
of  the  fact  that  certain  ions  which  affect  the  electrophoretic 
potential  of  bacteria  may  also  influence  infectiveness  and  ef- 
fectiveness. 

SUMMARY 

1.  Rhizohiiun  nieliloti,  like  other  bacteria,  when  suspended  in 
distilled  water  has  a  negative  electrophoretic  potential. 

2.  Variations  as  great  as  100  per  cent  in  the  migration  veloci- 
ties of  various  strains  were  observed. 

3.  A  relationship  between  electrophoretic  potential  and  nitro- 
gen-fixing ability  is  suggested. 
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4.  In  general,  the  order  of  the  results  obtained  with  the 
Northrop-Kunitz  electrophoresis  method  was  duplicated  with 
the   Falk   capillary   method. 

5.  Calcium  chloride,  in  11 10  m  concentration,  had  an  enor- 
mous depressing  effect  upon  the  electrophoretic  migration 
velocit}'. 
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Does  Vitamin  A  Possess  Vitamin  D- 
Sparing  Properties  When  Fed  to 

Growing  Chicks?* 

J    E   Hunter,  R.  Adams  Dutciii.r  and  H.  C.  Knandel 

'Pennsylvania  State  College,  State  College,  Pennsxlvanui 
/r>^~    ;..   -'    (■-■■    i>.ii.ii.--ii;tui    I  )fi-,-i)ilifr    2').    IQ.il") 

^T-HE  work  described  in  this  paper  was  1 .  Group  I  received  no  vitamin  supplement 

1    stimulated  by  the  work  of  Massengale  and  functioned  as  the  control  group. 
and  Xussmeier   (1930),  Hess  and  Supplee  ^^^^,^^^  ^^^^.^,^ 

(1920) ,  and  Mussehl  and  Ackerson  (1930)  Qround  white  corn    ^ ^  -^V'^ 

who    advanced    experimental    evidence    to  Ground  whole  wheat  20.0 

,,   .  rr     i-"        ;«  »» neat  Dran   

show  that  cod  liver  oil  is  more  effective  in  p^..^^,  skimmilk  ~°o 

preventing  nutritional  legweakness  in  chicks  Sodiun,^  ch,„n<|..  ^^^  y:::::::::,::::  a? 

than  equivalent  amounts  of  activated  ergos-  

terol    as  measured  bv  the  rat  method  of  '00° 

assay  for  vitamin  D.  All  supplements  were  assayed  for  vita- 

Since  the  vitamin  A  content  of  the  rick-  min  A  and  vitamin  I)  by  the  rat  me^thod. 

ets-producing  ration  is  ordinarily  dependent  The  vitamin  D  content  of  the  alfalfa!  was 

on  the  quality  and  quantity  of  yellow  corn  extremely  small  since  0.5  -rams  daily  failed 

present,  it  was  thought  that  the  superiority  to  protect  rats  against  rickets  while  0.01-^ 

of  cod  liver  oil   for  growth  and  ossifying  grams  of  alfalfa  daily  was  found  to  supply 

potency  might  be  due,  at  least  in  part,  to  adequate  vitamin  A  to  promote  growth  and 

the  ample  amount  of  vitamin  A,  which  is  prevent  ophthalmia  in  rats.  The  cod  liver 

characteristic  of  cod  liver  oil.  As  a  result,  oil  used  was  found  to  contain  200  .\.I).M.A. 

the  following  experiments  were  conducted  rat  units  per  gram  of  vitamin  T)  and  the 

with  the  vicnv  of  amplifying  the  legweak-  viostcrol  was  found  to  contain  50,000  units 

ness  producing  ration  with  vitamin  A  to  dc-  per  gram.  The  cod  liver  oil  had  a  vitamin  A 

termine  whether  or  not  this  vitamin   pos-  potency  of  500  A. D.M.A.  rat  units  per  gram, 

.esses  vitamin  l)-sparing  properties.  Since  the  viosterol  had  a  vitamin  1)  potency 

equal  to  2  50  times  that  of  the  cod  liver  oil, 

ExiMKiMENTAL  '^  was  diluted  with  peanut  oil  so  that  the 

vitamin  I)  content  of  the  two  sources  were 

Four  hundred  day-old  Single  c;oml)  While  ^,^^,^\    -phe  peanut   oil   was  previously  as- 

Leghorn  chicks  were  divided  into  sixteen  ^^^^^^^  ^^^j  j-^^^^^|  ^^^  contain  no  vitamin  A  or 

experimental  groups  of  25  birds  each.    I  he  ^^    ^^^  supplements  were  added  to  the  basal 

birds  were  housed  in  battery  brooders  and  ^.^^i(,j^   .^^   ^Y^^.  expense  of   the  corn   and  in 

all  groups  received  the  following  basal  ra-  .^^^  ^,.^^^^^  ^^^^  vitamin   I)  sui)plements  were 

tion  supplemented  with  various  vitamin  A  ^ .  ^  ^^^^^^^^^^^^^  ^^^^^^^^^^    ^^^^^^^^^^^  ^^^  ^^^^  ^^^^^^^^ 

or  vitamin  I)  carriers  as  indicated  in  1  able  ^.^,^^^^^.^,,,^,   products  Company,  was  used  as  the 

vuppienient  to  <upplv  vilaniin  A.  The  viosterol  used 

*  Pui.Hcation  authorised  by  the  Director  of  the  m  the  .udv  wa.  furn.hed  hv  Mead.  J';^--"  -' 
Pennsvlvania  State  College  .V.ncultural  E xpenn.en,  (^.mpanv  and  the  cod  hver  tnl  wa.  supphe<l  In  th. 
Station   as  Technical    Pa,H-r   No.    Mo,  ^    I-    ^ -^^ch  Companv. 

I  2.^'^  1 
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added  to  the  ration  in  equal  amounts  of  oil 
so  that  the  fat  intake  was  comparable. 

At  th(^  end  of  eight  weeks  ten  representa- 
t!\('  bird-  in  each  uroup  were  reniox'ed  for 
the  (k'tcrmination  of  l)one  ash  and  line  tests. 
Hone  a^h  was  determined  l)y  dr\  inii;  the 
t'biac,  extracting  them  with  hot  alcohol  and 


'Iahi.k  1.  Supplements  to  HasrJ  R,iti 


on 


Alfalfa  Cofl  Liver     Hone    \<Ii 

(iroup      (Per-      X'iosterol  Oil  of  Tibiae 

cent)      (IVrcent)     (Peivenl)     (IVrcent) 


I 

0 

0 

0 

--  * 

II 

1 

0 

0 

40.2 

III 

C) 

0 

0 

57.5 

IV 

0 

10 

* 

V 

0 

2^ 

■ — * 

VI 

0 

51) 

-  * 

MI 

10 

40.2 

Mil 

() 

10 

M) .  <> 

IX 

(} 

25 

5S ,  S 

X 

,■> 

50 

40.5 

XI 

(} 

50 

40.  () 

XII 

0 

10 

44.5 

XIII 

s 

10 

44  () 

XI\ 

(^ 

10 

45 . 1 

x\ 

() 

25 

45 .  S 

XM 

() 

50 

4S.2 

*  Chic-k.s  in  (;r()ui)s  I.  I\\  \'.  and  \'I  had  all  died 
from  \itaniin  .\  deticicncy  before  the  end  of  the 
cif,dith  week. 

ether,  drying  and  ashing.  The  extent  of 
calcification  was  also  determined  by  split- 
ting the  head  of  the  bone  longitudinally, 
immersing  in  a  1.5  percent  solution  of  sil- 
ver nitrate  and  examining  the  cut  surface. 
These  observations  corroborated  the  find- 
ings obtained  by  the  bone-ash  method  and 
for  this  rea.^on  are  omitted  from  Table  1. 
Table  1,  in  addition  to  giving  the  sup- 
plements used  with  the  basal  ration,  also 
summarizes  the  data  obtained.  It  will  be 
noted  that  additions  of  alfalfa  powder  had 
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little  or  no  effect  on  the  efficiency  of  vita- 
min D  so  far  as  it  can  be  measured  by  the 
methods  employed.  The  sui)eriority  of  cod 
liver  oil  from  the  standpoint  of  bone  forma- 
tion is  C{uile  evident. 

These  residts  are  in  agreement  with  the 
recent  conclu.-ions  of  Kusstdl  and  Klein 
( 1931 )  who  u.sed  dried  carrots  as  the  source 
of  vitamin  A.  In  conclusion  one  interesting 
observation  should  be  recorded,  viz.,  that 
the  line  tests  of  tibiae  of  birds  in  Groups 
X  and  XI  (which  received  the  maximum 
amounts  of  viosterol  wdth  ample  amounts  of 
alfalfa)  indicated  that  there  was  a  tendency 
for  ossification  in  the  shaft  at  the  expense  of 
the  metaphysis,  where  early  ossification  is 
generally  most  evident. 

COXCLUSIONS 

The  addition  of  vitamin  A,  in  the  form 
of  alfalfa  leaf  meal,  to  legweakness  produc- 
ing rations,  supplemented  with  irradiated 
ergosterol,  does  not  appear  to  possess  a 
sparing  effect  so  far  as  the  ossifying  proper- 
ties of  vitamin  I)  are  concerned. 
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(with  five  figures 
I.  Introduction 

The  purpose  of  this  experimental  project  was  to  determine  the  response 
of  apple  trees  to  dilferent  combinations  of  the  principal  fertilizer  con- 
stituents, nitrogen,  phosphorus,  and  potassium,  but  with  the  elimination  of 
the  variables  usually  present  in  most  field  experiments.  The  phase  of  the 
investigation  reported  in  this  paper  is  concerned  with  the  association  of 
vegetative  and  reproductive  responses  to  the  internal  conditions  as  repre- 
sented by  analysis  of  metabolieally  active  tissues  at  different  periods  in 
the  growth  cycle. 

1.    Principal  nutrient  elements 

Although,  as  is  pointed  out  by  Livingston  (96),  it  is  conceivable  from 
the  physiological  viewi)oint  that  conditions  may  be  found  under  which  any 
element  other  than  the  traditional  ten  is  essential  to  growth,  experience  has 
.shown  that  tidtivaied  plants  are,  under  ordinary  field  conditions  when  the 
percentage  base  saturation  (152)  is  not  the  limiting  factor,  far  more  sensi- 
tive to  changes  in  the  nitrogen,  phosphorus,  and  potassium  content  of  soils 
than  to  anv  of  the  other  elements.  There  is  evidence  (2,  139,  165)  that  the 
peculiar  and  characteristic  effects  of  nitrogen,  phosphorus,  and  potassium 
mav  be  due  to  the  greater  motilitv  of  their  ions  and,  in  the  ease  of  potassium, 

ft.  o  ^ 

to  the  effect  on  the  streaming  rate  of  i)rotoplasm.  Colla  (30),  for  example, 
finds  that  potassium  has  a  greater  etfeet  in  increasing  the  streaming  rat.> 
of  the  protoi)lasm  of  Cham  criuifd  than  sodium  or  magnesium.  But,  what- 
ever mav  be  the  mechanism  of  their  action,  the  existence  of  the  fertiliz^'r 

ft. 

industry  is  sufficient  evid.Mice  of  the  agricultural  economic  importance  of 
these  three  elements.  From  the  standpoint  of  behavior  and  function,  there 
is  great  need  for  more  definite  information  concerning  the  role  played  by 
each  of  these  dominant  nutrient  elements  with  respect  to  growth,  reproduc- 
tion, and  other  physiological  functions. 

1  Presented   before   the   Aniori.an   Society   of   Plant   Physiolo^ist.s   at   tlie   Cleveland 
Meeting'  of  the  Ameriean  A.ssociation  for  the  Advancement  of  Science,  1930. 

Pnblication   autlu.rized   by   tlie   Director    of   the    Pennsylvania   Agricultural    f^.xpen- 
ment  Station  as  technical  pa])er  no.  5  4S. 
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2.    Sequence  of  distribution  of  variations  in  concentration  of 

elements  witil  kkspfct  to  time 
Th.-    rxpcricncos    cf    tl,e    last    drcadr     (18,  46,  47,  69,  85,  86,  87,  88, 
89,  90,  91,  174,  201  )  liave  confiniied  aiui  extciHlcd  Die  valui'  of  the  earli<^r 
inwsti-atioi.s  (230,  231  >   in  Aviiirli  tho  concnMitration  of  cortain  olomoiits  or 
-roups  of  oK'inonts   was  (Irt.'niiincd   in   \\w  iiuMaholically   active   tissues  at 
critical    i)cri(.(ls   Jn    their   vcoetativc    (IcvelopmcHt.     Juvesti-atious    of    this 
type  ]iave  ])rove(l  oi'  special  service  in  the  diagnosis  of  the  nutritive  condi- 
tions produced  in  phints  by  the  application  of  different  eomhinatiom  of  the 
principal  nutrient  elements.     In  this  way  we  may  describe  metabolic  proc- 
esses with  reference  to  their  sequence   of  changes  with   respect  to  time. 
Although  this  method  of  approach  does  not  necessarily  enable  the  '^causal 
relations"  (97)  to  be  determined  but  probably  only  the  ^'residual  effects'' 
(antecedent  influential  conditions),  the  knowledge  obtained  from  studies  of 
this  type   supplies   a   valuable  ])icture   of   the   dynamics   of   physiological 
processes.     Experiments  planned  in  tliis  manner  have  alreadv  enabled"  the 
investigator  to  detect  (piantitatively  tlie  lack  of  optimum   (well-balanced j 
nutritive  conditions  and  to  prescribe  remedial  measures  (208). 

The  sequence  of  changes  with  respect  to  tlie  chemicallv  reactive  ions  or 
reactive  groui)s  determined  in  this  manner  is  not  sensiblv  influenced  bv 
the  range  of  variation  in  the  meteorological  conditions  hitlierto  encountered 
ill  experiments  with  fruit  trees.  This  is  indicated  bv  the  similaritv  in 
direction  of  and  relative  magnitude  of  the  seasonal  changes  of  reactive 
groups  or  complexes,  such  as  glucose,  sucrose,  starch,  and  also  of  the 
elements  potassium  and  phos])horus  in  the  present  experiments  compared 
With  those  reported  under  widely  different  meteorological  conditions  for 
the  same  species  by  others  (69,  122).  The  writer  has  also  obtained  indica- 
tions (201,  202)  that  the  seasonal  variations  (i.e.,  the  time-concentration- 
curve)  of  the  various  nitrogen  fractions  throughout  a  vegetative  cvcle  have 
also  been  affected  primarily  by  internal  causes. 


^Mechanism  of  fertilizer  action 
The  i)res(Mit  investigation  is  characterized  by  a  remarkablv  rapid  but 
differential  response  of  the  plants  to  relatively  small  applications— low 
concentrations-(page  39G)  of  the  elements  nitrogen,  phosphorus,  and 
potassium,  the  response  varying  according  to  the  combination  in  which  these 
elements  are  present.  Marked  differentiation  between  tlie  trees  of  certain 
treatments  was  api)arent  even  within  a  period  of  six  weeks  after  applica- 
tion of  the  nutritive  elements,  and  the  differences  in  response  became  more 
intensified  as  the  experiment  i)rogressed.  How  do  such  small  quantities 
liave  such  marked  results?  How  have  these  trees  grown  so  differently" 
Is  the  mechanism  of  fertilization  one  of  compensation  or  of  stimulation  '  * 
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According  to  Liebig's  (94)  "mineral  theory,"  fertilizers  are  effective 
only  in  so  far  as  they  supply  to  the  soil  the  mineral  elements  in  which  the 
soil  is  relatively  defieient.  In  VMY.)  Whitxey  and  Camkrox  (224,  225) 
stirred  th(^  seientilie  world  by  tlie  announcement  that  plants  obtain  their 
nutrients  from  the  substances  ((lr(ii<hf  e.rislimj  in  lh>  soil  solulifjn.  The 
theory  \\as  adxaiiced  that  the  soil  sol  u1  ion  was  aitproxiniatcly  constant  in 
composition,  viz.,  a  saturated  solution  of  the  minerals  common  to  all  soils. 
and  that  accordingly  the  soil  solution  was  in  simple  equilibrium  with  the 
soil-forming  minerals.  The  addition  of  fertilizers,  therefore,  according  to 
these  investigators,  could  not  increase  the  concentration  of  the  soil  solution. 
Any  response  to  applications  of  nitrogen,  phosphorus,  or  potassium  by 
plants  was  attributed  by  "Whitney  and  Cameron  to  their  action  on  the  phys- 
ical properties  of  the  soil,  to  their  etfect  in  neutralizing  toxins,  and  also  to 
their  catalytic  or  stimulatory  action.  This  view  was  vigorously  disputed, 
especialh^  by  Hopkins  (73),  and  also  by  the  Rothamsted  group  (56,  168) 
who  showed  the  fallacies  of  this  conception.  Experimental  evidence  has 
now  accumulated  showing  that  the  concentration  and  composition  of  the 
soil  solution  are  continuously  clianging  (20,  66,  177,  186,  217),  being  modi- 
fied by  several  factors:  (a)  the  amount  of  soil  moisture,  (b)  the  rate  of 
absorption  and  utilization  of  elements  by  the  plant,  (c)  the  respiratory 
coefficient  of  the  roots,  and  (d)  the  activity  of  the  microorganisms  of  the 
soil  and  of  the  rhizosphere. 

The  theory  of  activation  as  opposed  to  compensation  has  recently  lx?en 
revived  by  Italian  investigators,  ('specially  by  Macrini  (108).  The  latter 
concludes  that  fertilizers  act  to  stimulate  the  plant  to  absorb  certain  other 
nutrients  found  in  the  soil.  l>ut  as  the  sole  evidence  submitted  in  support 
of  the  theory  is  the  observation  that  only  a  negligible  quantity  of  the  nitro- 
gen of  the  subsoil  is  removed  ])y  the  eroj)  after  each  cultivation,  this  would 
seem  to  be  insufficient  to  justify  the  conclusion. 

4.  Effects  of  saits  on  the  soil  solttion 
Xumerous  investigators  ^43,  51,  182,  213,  218)  have  shown  that  fertilizer 
salts  produce  liighly  complicated  etTects.  They  may  cause  marked  changes 
in  the  composition  of  the  soil  solutioiL  For  example,  it  has  been  shown  by 
the  writer  (197)  that  the  addition  of  raII,(PO,),  to  the  Ilagerstown  silty 
clav  loam  soil  used  in  these  expei-iiiKMits  increased  the  Fe  and  Al  in  the 
soil  solution,  and  that  XaXO,  and  K,S(),  increased  the  amount  of  PO^  in 
solution,  whereas  both  CaII,(P(),),  and  K.SO^  increased  the  amount  of  Xa 
in  solution.  The  effect  of  fertilizers,  accordingly,  will  necessarily  depend 
on  the  resultant  effect  on  the  dominant  nutritive  ions  of  the  soil  solution 
(208).  The  reciprocal  effects  of  nitrogen,  phosphorus,  and  potassium  in 
relation  to  their  absori)tion  by  i)lants  has  been  treated  in  detail  by  the 
writer  in  another  paper  (208). 
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.1.     Do    ROOTS    DERIVE   THEIR    NUTRIENTS    FROM    A    SOLUTION 

MU('II    MORE   (ON'CENTKATEl)   THAN   THAT   OinAlNEI) 

BY    DISPLACEMENT    .METHODS.' 

This  question  is  of  paramount  import ancc,  for  upon  its  answer  depends 
tlie  validity  of  the  interpretation  of  th('  results  of  (\\[)(M'inu'nts  whieh  liave 
for  their  puri)ose  the  dtMerniination  of  the  eritieal  concentrations  of  csstMitial 
ions,  i.e.,  the  concentration  with  respect  to  any  element  or  ion  below  which 
the  total  absorption  by  the  plant  per  unit  of  time  is  inadequate. 

^r  .  1      .    i        -,,  1,,.    ;„1^^,*,^4^r.       r-T,cfrrr^c-t-        •(- 1 .  o  •♦-       +lio        fill  o  v>-»  r»f  I'O  T^  1  o       l^^'OOPrtv 

possessed  by  the  fine  roots  causes  the  root  to  f-row  from  re^nons  of  low  con- 
centration of  solutes  to  regions  of  higher  concentrations.     These  regions 
of  high  concentrations  would,   i)resumably,  be   produced  initially  by  the 
action  of  the  CO.  and  other  acids  formed  in  the  metabolic  processes  of  the 
microorganisms  growing  around  the  colloidal  and  mineral  complex  of  the 
soil  particles   (103).     The  mechanism  involved  may  be  explained  in  part 
at  least  by  the  Gibbs-Donnan  law  (34,  35,  208)  and  in  part  by  the  processes 
discussed  in  detail  by  Mattson   (116,  117,  118,  119,  120).     Diffusion  proc- 
esses then  would  result  in  the  formation  of  a  series  of  concentric  zones  of 
])rogressively  decreasing  concentration  of  solutes.     As  the  plant  grows  the 
carbon  dioxide  evolved  in  the  respiration  of  the  roots  becomes  the  dominat- 
ing factor  in  the  dissolution   of  the  soil  particles    (207),   furthering  the 
formation  of  these  concentric  zones  of  decreasing  concentration.     It  follows 
that  one  of  the  fundamental  problems  in  studies  on  the  interrelationship 
hetiveen  plant  and  soil  is  the  question  whether  plants  can  or  cannot  absorb 
colloids  (204),  and  whether  the  actual  soil  solution  can  be  obtained  by  any 
of  the  numerous  procedures  proposed  to  achieve  this  purpose,  such  as  water 
extraction    (17,  19,  68,  217),  pressure    (95,  125,  162,  216),   displacement 
(31,   74,    148,    171,   216),    centrifugal    (15,   16).   and   freezing-point    (64) 

methods. 

An  examination  of  the  data  by  Burd  (17,  19),  IIoagland  (64,  67,  68), 
.A[iLLAR  (121),  Parker  (148,  149,  153),  Stewart  (186),  Teakle 
(195),  and  also  by  the  writer  (197)  indicates  that  the  soil  solution  obtained 
by  displacement  methods  gives  in  the  case  of  slightly  acid  or  neutral  soils 
a  rather  close  index  of  the  magnitude  of  the  critical  concentrations  for  dif- 
ferent plants  of  the  principal  nutrient  ions  and  of  the  supplying  power 
of  the  soil  with  respect  to  these  ions.  It  has  frecjuently  been  observed  (19, 
52,  149),  however,  that  crop  growth  is  not  related  to  the  concentration  of 
phosphate  in  the  soil  solution.  For  a  critical  analysis  of  the  anomalous 
])osition  of  phosphorus  the  reader  is  referred  to  papers  by  liuRD  and  ]\Iar- 
TiN  (21),  Greeniiill  (52),  and  Tidmore  (209). 

It  is  of  interest  to  note  that  the  critical  concentration  for  PO^  may  be 
as  low  as  0.20  p. p.m.  in  flowing  cultures  for  coi-n  (149,  209),  and  the  critical 
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concentration  for  K  in  the  case  of  alfalfa  and  clover  may  be  under  0.5 
p. p.m.,  although  relatively  higher  values  for  some  plants  are  reported,  e.g., 
1  p. p.m.  PO.,  for  barley  (67)  and  over  4  ]).]). m.  K  for  tomatoes  (78).  It 
nnist  be  noted,  however,  that  Tkelease  an.d  LivjNciSTox  (212 j  have  cau- 
tioned against  the  attempt  to  determine  the  comparative  physiological 
values  of  different  nutrient  solutions  witliout  a  knowledge  of  the  climatic 
conditions  under  wliich  the  tests  are  made. 

Specific  soils,  of  course,  vary  in  their  ability  to  renew  a  particular  nutri- 
ent in  the  soil  solution  at  suitable  levels  of  concentration,  i.e.,  above  the 
critical  cuiicciilratioii ;  ctiid  this  |>o\Vt'r  uf  renewal  Will  depend  UpOii  the 
resistance  to  decomposition  of  the  mineral  particles  and  to  the  nature  of 
the  colloid  complexes.  It  is  necessary,  too,  to  distinguish  between  the  two 
forms  of  soil  solution :  the  micellar  solution,  being  an  integral  part  of  the 
micelle  itself,  cannot  be  renewed. 

6.    Absorption  op  mineral  elements 

In  earlier  papers  the  writer  (204,  205,  206,  207,  208)  has  discussed  some 
of  the  factors  determining  the  absorption  of  nutrient  elements  by  the  plant. 
The  effect  or  action  of  a  specific  ion  under  given  conditions  of  light  and 
temperature  as  related  to  its  absorption  and  utilization  within  the  plant  is 
dependent  upon  the  concentration  of  the  media,  upon  the  nature  of  the 
other  ions  present,  and  upon  the  ratio  of  the  concentrations  of  equally 
charged  ions  to  one  another. 

There  are  a  number  of  experiments  (65,  109,  163,  196)  which  indicate 
that  variations  in  the  total  concentrations  of  ions  may  have  less  effect  on 
metabolism  than  changes  in  the  proportion  of  the  ions.  Since  continual 
fluctuations  in  the  concentration  and  ratio  of  the  nutritive  ions  in  the  soil 
solution  occur,  it  might  be  expected  that  by  the  processes  of  adaptation 
plants  would  be  gradually  adjusted  to  somewhat  wide  variations  in  this 
respect ;  or.  as  IIoacjland  (67)  expresses  it,  "there  is  no  doubt  that  all  kinds 
of  interionic  effects  occur  during  absori)tion,  varying  with  the  composition 
and  concentration  of  the  culture  solution,  stage  of  growth  and  climate." 

The  soil  conditions  involved  in  an  adequate  understanding  of  the  prob- 
lems connected  with  the  interrelationship  of  the  plant  and  soil  have  been 
brieflv  sketched  here  in  order  that  the  reader  may  keep  in  mind  the  sig- 
nificance  of  the  substrate  in  relation  to  the  facts  bronght  out  in  this  paper. 
Only  the  analyses  of  the  plant  are  re])orted  ;  the  soil  conditions  have  been 
discussed  in  previous  papers  (198,  208). 

II.  Materials  and  methods 

1.    Soil  i'sed 
During  the   ])eriod   1918-20,   the  late  William   Frear  and  the  writer 
made  several  attempts  to  obtain  information  regarding  the  effect  of  the 
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principal  fertilizer  elements  on  the  internal  conditions  of  apple  trees  grow- 
iw^X  in  the  (^xi)erinienta]  oi'cliards  theii  condncted  hy  the  IN^nnsvlvania  State 
College  t  hi'oiiiihoiit  the  Stnit'.  !>ut.  iti.'isimich  as  no  cnnsistcnt  resnlts 
eonid  he  ()])tained,  this  phni  ^\;ls  ahatidoiicd  I'or  one  in  \vliirli  soil  and  also 
stock  variations  nvci'c  t'liminatcd.  Tiiis  \\as  a('coin!)lislied  by  llie  nse  of 
bnilt'f.|tlatt'  cylindri"^.  I'J  in  nunilxT.  o  Tcrt  in  dianictfr  and  •").,")  U'o\  <l(M'p. 
^vhich  were  sunk  into  lli(>  j^routid  and  filled  ^vitll  a  \irj^in  soil  la  silty  clay 
loam  of  the  lla^'erstown  series)  adjoininji:  a  stri])  of  woodland  adjacent  to 
the  college  experinnnital  orchard.  The  comi)lete  chenucal  and  mineralogical 
analyses  of  this  soil  have  been  rej)orted  elsewhere  (198).  Six  inches  of 
crushed  limestone  \vere  i)laced  at  the  bottom  of  each  cyliiuler  to  ])revent 
capillary  rise  of  the  surrounding  soil  into  whicli  the  cylinders  were  sunk. 
The  soil  used  in  these  cylinders  was  removed  bv  lavers  and  each  horizon 
was  thoroughly  mixed  during  a  period  of  many  months  before  introduction 
into  the  cylinders  in  October,  1921.  The  total  weight  of  soil  used  was  210 
tons.  This  soil  was  then  allowed  to  remain  fallow  for  one  year  to  permit 
the  etfeets  of  the  climatic  factors  on  the  physical,  clnnnical.  and  micro- 
biologieal  conditions  to  become  nnifoi'm  in  all  cylinders. 

2.    Plaxtixg 

In  the  s])ring  of  1922,  standard  stfx'ks  vegetatively  ])r()pagated  from  a 
single  j^iarent  secured  from  the  East  Mailing  Agricultural  Ilesearch  Station, 
England,  whip-grafted  to  Stayman  AVinesaj)  scions,  were  i)lanted.  The 
seions  were  obtained  from  a  tree  whose  ix'i'formauce  was  known  for  two  bud 
gencn-ations  (3).  CJrowth  measui-ements  made  at  the  end  of  the  years 
1922.  1923,  and  1924  before  fertilizer  applications  were  made  showed  no 
significant  ditferences  between  the  trees  in  adjacent  I'ows   ^3)    (table  IT). 

3.    Fertilizer  treatment 

Nitrogen,  ])hosphorus,  and  ])otassium  were  supplied  in  the  form  of  C.P. 
salts,  singly  and  also  in  the  vai'ious  eombimitions  shown  in  the  diagram 
(fig.  li.  Analysis  gave  XaXO,,,  10.4:)  per  cent.  X;  CaII,(PO,),  •  211,0, 
;')(). :}0  i)er  cent.  P,,(), ;  ami  K.SO,,  5:5.40  \)vr  cent.  K.O.  The  following 
amounts  per  tree  were  added:  XaXO,,  91(S  gnn ;  K.SO.,,  293  gm. ;  and 
CaII,(PO,),-  2H,0,  534  gm.,  e(|uivalent  per  acre  of  100  trees  to  35  lb.  X, 
35  lb.  K.O,  and  70  lb.  PJ)-.  If  calculated  in  terms  of  percentage  amounts 
present  in  the  first  8  inches  of  surface  soil  (horizon  A),  the  amounts  added 
are  e(puvalent  to  0.0054  j^er  cent.  X",  0.0054  per  cent.  K.O,  and  0.0108  per 
cent.  P,0-,  respectively.  These  quantities  of  salts  were  not  applied  at  one 
time;  the  first  application  was  made  in  April,  1925,  and  the  second  on 
:\rav  3.  1925. 
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Fig.  1.     Plan  of  experinicnt. 
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It  should  be  noted  that  none  of  the  trees  bloomed  before  the  treatment 
with  fertilizers,  i.e.,  there  were  no  blossoms  in  the  spring  of  1925  and,  there- 
fore, no  fruit  buds  were  formed  in  1924.  On  :\Iay  12,  1926,  the  year  fol- 
lowing the  fertilizer  additions,  the  trees  wer(>  defiorated,  i.e.,  the  flower 
buds  were  removed  just  before  tlie  normal  o[)ening  of  flowers,  to  eliminate 
the  influenee  of  reju-oductive  activities  and  fruit  dominance  on  the  growth 
and  composition  of  the  actively  growing  tissm^s  (9,  127,  128). 

4.  Selection  of  samples  for  analysis 
Inasmuch  as  this  investigati(ni  was  not  concerned  with  the  dynamics  of 
the  photosynthetic  processes,  but  rather  with  the  relationship  of  the  internal 
changes  produced  by  the  principal  nutrient  elements  to  the  vegetative 
and  reproductive  responses,  it  was  decided  in  the  first  instance  to  examine 
the  organs  used  for  transport  of  food  and  for  storage.  The  question  then 
was,  to  what  extent  does  the  composition  of  the  current  and  previous  sea- 
son's branch  growth  reflect  the  changes  in  metabolism  which  resulted  in 
such  striking  differences  in  the  growth  of  the  trees  in  this  experiment? 

Kraybill,  Potter,  and  AVentwortii  (84),  IjOomis  (100),  and  also 
Potter  and  Phillips  (156,  157)  suggest  that  the  samples  for  analytical 
examination  should  be  confined  ])referably  to  new  spur  growth,  the  spurs 
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beiii^  iiothiiig  more  tliaii  lateral  braiielies  which  for  some  reason  have  made 
only  limited  <i"i-()\vth.  fii  the  ))rt'st'iit  exi)eriment  it  \vas  at  the  outset  eou- 
sidtTt'd  d()id)tru!  wlictlicr  the  sjjurs  Avould  ))r(>\id('  sut'ticicnt  material  for 
the  work  plaiiMcd.  ]5ut  rNcii  so  tliei'e  are  sound  i-rasoiis  wliy  iiivcstiij'atioiis 
))eai'iii^"  on  the  intei'nal  Tactors  associatt'd  with  n'rowtli  and  t'l'uit-bud  forma- 
tion should  not  he  ronlincd  to  tin'  spurs  alone. 

A.  TiEASOXS     FOK     CIIKMKAL     EXAMLXATIOX     OF     BRAXCII     (iKOWTII. Tlie 

chemical  examination  of  the  current  and  previous  season's  branch 
growth  is  ol  inipiOrtarice  y^Dx/,  luv  eiiarij^es  in  tiie  riieictbuiic  direc- 
tion of  the  livin^r  eells  of  the  woody  stems  must  precede  those  in  the 
developing  bud.  Hence,  in  the  last  analysis,  conditions  further  back  in 
the  tree  would  a  priori  be  expected  to  have  considerable  influence  on  the 
chemical  system  determining  growth  and  fruiting.  Tlie  investigations  of 
Hooker  (70)  and  of  Hooker  and  Bradford  (72),  moreover,  indicate  that 
tlie  variations  in  the  chenncal  composition  of  bark  taken  from  the  scaffold 
limbs  parallel  closely  those  in  the  spurs,  new  growth,  and  last  year's  branch 
growth.  And  the  writer  (201,  202)  has  shown  that,  in  so  far  as  the  nitrogen 
cvcle  is  concerned,  the  seasonal  variations  in  concentration  of  the  various 
nitrogen  fractions  pai-allel  one  another  in  the  current  and  previous  sea- 
son's branch  growth. 

B.  Do      EXDIVIDUAL      liKAXCHES      AXD      SITRS      ArT      AS       A      I'XIT  .' The 

principal  difficulty  in  samj^ling  fruit  trees  lies  in  obtaining  liomo- 
geneous  material  without  sensibly  changing  the  initritive  conditions.  If  it 
could  be  shown  that  each  s])ur  acts  as  a  unit,  then  errors  arising  from 
variabilitv  would  cease  to  be  much  of  a  factor,  even  when  onlv  a  few  trees 
are  available  for  analysis.  Expei-imental  and  observational  work  exists 
tliat  might  seem  to  support  the  theory  that  individual  branches  and  spurs 
act  as  a  unit  (8,  105,  166,  226).  Thus,  At'chter  concluded  from  experi- 
ments on  aj)})le  trei^s  that  mineral  nutriiMits  absorbed  by  the  roots  on  one 
side  of  a  plant  are  in  lai'ge  measurt^  translocated  to  and  used  only  by  the 
trunk,  limbs,  and  leaves  directly  above  them  :  i.r.,  there  is  no  cross-over 
from  one  sector  to  another.  But.  as  XaXO,  Avas  the  only  salt  used  in 
Auchter's  experiments,  and  in  view  of  the  writer's  results  that  nitrates 
are  for  the  most  ])art  reduced  in  the  flue  roots  of  Pjfrns  niaJus  (203),  tlie 
possibility  exists  that  At'chter's  conclusions  ai-e  valid  oidy  for  orfjanic 
materials  (which  move  only  in  the  ])h1oem  tissue)  and  not  for  the  minfral 
(i.e.,  ash)  materials  (29,  111,  112,  113,  114,  115).  Neither  the  observa- 
tions of  Hardy  (57)  nor  of  Mack  (107)  support  the  view  of  the  individ- 
uality of  the  spur.  The  latter  found  a  uinformity  of  ])ehavior  of  all  spurs 
with  respect  to  "off-year"  bearing,  ''on-year"  bearing,  and  ''bieiniial" 
bearing. 
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These  conflicting  views  may.  perhaps,  be  reconciled  when  consideration 

is  givtMi  to  the  fact  that  a  fruit  tree,  although  in  etTeet  a  sin<i-Ie  organism, 
may  be  treated  as  a  eolon\-  of  eonipeiing  units  (11,  62).  l>ut  even  so  the 
idea  of  independence  can  })e  carj-ied  too  far.  for  a  spur  (h^prived  gf  its  own 
leaves  VAU  ]'eeeive  (Miouuh  nnti-ient  snjjply  from  adjacent  parts  of  the  tree  to 
function  ai-tively  ',62).  Moreover,  the  beliaxior  of  ditl'erent  varieties  of 
fruit  trees  ditfers  in  this  res})ect  (62). 

5.  Collection  of  samples 
On  September  1.  1925,  and  succeeding  dates  (tables  V  to  IX),  samples 
of  the  current  and  previous  season's  branch  growth  were  taken  in  the  man- 
ner already  described  (200,  201)  from  the  trees  growing  in  the  rims  that 
were  seeded  to  bluegrass  on  ]\Iay  27,  1924,  i.e.,  from  the  trees  growing  in  sod. 
In  the  following  year  (1926)  samples  were  taken  on  April  4,  June  21, 
August  15,  and  November  1.  These  periods  may  be  characterized  as  fol- 
lows: September  1,  period  of  cessation  of  active  growth;  April  4,  period  of 
bud  swelling;  June  21--August  15,  period  of  active  growth;  November  1, 
leaf  fall  and  beginning  of  period  of  winter  rest.  As  a  matter  of  record,  a 
summary  of  the  meterological  conditions  is  appended  in  table  I. 

TABLE  I 

Summary  ok  mkteorolocical  data 


Dates 

Mean- 

maximum 

^r  KAN- 
MI  XI  mum 

I?AIXFALL 

SUN'SIIIXE 

Humidity 

°F. 

°F. 

prr  Cf)i(. 

per  cfiit. 

192.-. 

Aujr. 

l.-,-X„v. 

1    . 

07.4 

4S.5 

:.:s 

81. .1 

lOiir, 

Aj)r. 

4-.Tiino 

30  .. 

r.o.-j 

43.4 

7.34 

70.4 

72.5 

June 

30-Aun:. 

]  r,  .. 

S.3.() 

(;i.4 

1 
r..3r, 

()1.4 

80.3 

Au^. 

l.VXov. 

1  .. 

r.s.r, 

r.0.4 

]1\41 

87.1 

C).      SeFAK'ATION    of    I5ARK    AND   WOOD 

The  bark  (periderm,  coi-tex.  jdiloem)  was  separated  from  the  wood 
(out(u-  xylem,  inner  xyh^n)  and  each  analyzed  separately.  In  the  present 
work  no  att{Mnj)t  was  made  to  divide  the  complex  constituents  (tissues)  of 
the  bark  and  xvh^m.  althouiih  it  is  realized  that  verv  limited  reii'ions  mav 
be  involved  in  a  i~)ai-ticular  r(^si)()nse  (211,  215). 

(Jkadients. — Thei-e  undoubtedly  do  exist  slight  ditfereiu'es  in  composi- 
tion between  the  t(M'minal,  ndddle,  and  ])asal  portions  of  the  bark  and  w^ood. 
respectively,  of  shoots  (215).  l>ut  thei'c  is  no  (nddtMU'i^  as  yet  of  either  a 
positive   or  negative  gradient.     Ti'fts    (215)    reported  that   differences  in 
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composition  between  tlie  vai-ious  portions  so  far  as  location  np  and  down 
the  slioot  is  eonccrncd  arc  relatively  insin-niiicant .  compared  witli  tliosc 
existing-  betwceji  bai'k  and  wood  in  tie'  same  portions.  Prcliminai'V  work  !'> 
test  tliis  })0!nt  eai-ried  ont  by  the  wi-iter  i)rior  to  the  present  stLidies  sbowed 
very  similar  I'csults. 

In  the  nsnal  macroscoide  nnMliod  of  analysis,  cells  ol'  admittedly  ^^ldcly 
dilferent  nature  and  function  are  taken:  epidermal,  vascular,  and  par- 
enchymatous tissues  are  mixed  indiscriminatel.y.     It  is,  therefore,  only  the 

■»^T>/^r1  -  1^^  5  T!  ■>  1^ -f      ^  >-.•*-'-.>•■(■!  '^  1      -..ol  o +1  ^>-.  n.      -f  1,  o  4-       o  >'(^      ->.(-»  ^-.-lO  1  o/l      l^T-      flw>      1>1  A+ll  r^M  c      nfinTiiof] 

pi  cClUlllindllL       lllUJiilHi       1    V_i«*  IIUXIO         LllClL         C»  i    V_         iV      SVHHV4         K/J  lhv         a1»  ^  l  .  .  v/ ^«. -j        i,  v»  v.-  ^  -   ^    ^    -I 

in  the  present  study. 

7.    Analytical  :mkthods 

A.  Do  the  values  in  total  cakbox  determinations  represent 
potentially  mobile  and  metabolically  reactive  compounds? — In  The 
present  investi<»'ation,  fractionation  of  the  nitrojren  compounds  similar  to 
those  previously  carried  out  by  the  writer  (201,  202)  has  not  been  under- 
taken. The  possibilities  and  limitations  of  introj^'en  partition  investijrations 
in  this  species  have  already  been  clearly  detined  ( 202) .  These  earlier  studies 
have  shown,  moreover,  that  the  respective  nitro<ien  fractions  were  measur- 
able functions  of  the  total  nitroo-cin  even  under  widely  ditferin*-'  external 
environments.  Thus,  the  total  water-soluble  X.  the  non-protein  X,  and  the 
amino  X^  closely  paralleled  the  total  X  throu<:liout  the  <rrowth  cycle:  the 
amide  X  and  ''rest''  X  varied  inversely  with  thenu  It  would  seem,  there- 
fore, that  amino  X  must  be  connected  with  pi'otein  synthesis  and  "rest""  X 
with  protein  de<;'radatioiL  Accordin<>ly.  since  tln^  secpiences  of  variati(»ns 
(chancres)  in  the  distribution  of  i)artially  synthesized  proteins  parallel  the 
total  X,  the  seasonal  fluctuations  of  the  former  may  be  })redicted  from  the 
time-concentration  curves  of  the  latter. 

On  the  other  hand,  if  any  definite  relatioirships  exist  between  the  total 
carbohydrate  and  its  various  fractioirs.  they  liave  iu)t  been  identified  in  any 
metabolism  studies  thus  far  carried  out.  It  was  considercMl  desirable,  there- 
fore, to  undertake  the  detei-mination  of  such  carbohydrati;  fractions  as  are 
amenable  to  present  methods  of  analysis  rather  than  the  determination  of 
total  carbon  i)referred  by  some  investi«j:ators  (63),  who  consider  that  the  de- 
termination of  total  carbon  is  sufficient  to  establish  the  relationship  existing' 
between  the  carbon  and  nitro«ren  compounds  ])resent.  IIicks  (63)  justifies 
the  determination  of  total  carbon,  without  fractionation  according  to  the 
usual  methods,  on  the  basis  that  the  primary  value  of  the  C  X  relation  lies 
in  the  fact  that  the  <i-rowth  of  a  plant  is  dei)endent  u|)on  the  balance  be- 
tween the  metabolic  j)rocesses  of  carbon  assimilation  and  res})iration  on  the 
one  hand  and  absori)tion  of  nitro<,^en  from  the  soil  on  the  other;  and  that, 
since  both  processes   involve  the  use  of  "raw"   inor<>'anic  material  in  the 
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form  of  carbon  dioxide  and  nitrates,  the  relation  of  real  importance  in  the 
I)lant  itself,  according;'  to  liei-  view,  is  that  of  elemental  carbon  to  elemental 
niti-o<i'en.  Altiiou.iih  this  invest  inatoi-  reeoiini/.e>  the  fact  that  j)art  of  the 
ussiinilated  carbon  is  tfansformed  into  immol)ile  coni[)ounds,  such  as  lii^nin, 
she  maintains  that  these  immobile  eoniponnds  ha\-e  not  been  shown  to  lie 
outside  the  \ital  system,  and.  t  le'n't'oi'c,  to  be  without  iniluence  on  tlie  plant. 
It  would  a])])ear  that  the  [)roblem  of  the  plant  i)hysiolo<iist  is  not  so  simple 
in  this  respect  as  that  of  the  animal  physiologist   (81).     X^'evertheless.  the 

J)inv]p})   of  i^rtuif  }'rt})/n }}  <•   )t'ifj>    f]>p    yiroDOVf  P^^'  ^f  '?"'  ^ '  f  nhtl "  '^'n'hnn    i'l'^'^   +o 

show  that  the  carbon  compoutKh  of  plants  are  as  reactive  and  mobile  as  the 
nitrogen  compounds  with  which  theij  are  compared. 

B.  Water. —  (1)  The  imbibitional  water  was  determined  by  dryin«r  the 
material  in  a  dryin<i-  oven  at  a  temperature  of  70°-8O°.  The  samples  were 
afterwards  left  exi)osed  to  the  air  for  several  weeks  and  weifi:hed  when  erpii- 
librium  had  been  reached.  (2)  The  hygroscopic  wat(U'  was  determined  by 
heating  2  grams  of  the  finely  ground  materials  in  vacuo  at  100^. 

C.  Ash. — Ten  grams  of  the  finely  ground  material  were  ignited  in  an 
electric  mufffj;  furnace  at  a  temperature  not  exc(V'ding  4.30°  to  avoid  loss  of 
potassium  salts. 

D.  Potassium. — The  usual  LiXDo-iiLADDE.v  method  was  em})loyed   (7). 

E.  Phosphorus. — The  i)hosi)horus  was  ])recipitated  as  the  ammonium 
pliosi)lio-molybdate  after  the  method  of  Stewart  (186)  and  the  i)recipitate 
was  titrated  immediately  according  to  IvIchards  and  (Jodden's  modification 
(164)  of  the  Pemiu-rton-Xeumanx  method  (133,  151). 

F.  X^'iTROGEX.  -  Nitrogen  was  detcu'inined  by  the  usual  K.jeldahl  method 
(7).     Only  traces  of  nitrates  are  present  in  apple  tissues  (38,  203). 

0.  Carbohydrates. — The  estimation  of  the  initial  separation  of  car- 
bohydrates was  en'ect(^d  hy  tln^  method  pi-oposed  by  tlu^  CommitttM^  on  Meth- 
ods of  Ohemical  Analysis  of  the  Amei'ican  Society  of  Plant  Physiologists 
into  a  "soluble"  and  an  "insolu])l(*"  fraction  (5^i.  In  the  "soluble"'  poi*- 
tion  :  (1)  reducing  sugars  (glucose,  fructose.  jxMitose.  arabinose.  and  xylose  i 
and  (2)  non-redm-ing  sugai's  (sucrose  and  other  disaecharid(^s)  were  dt^ter- 
mined.  Olucosides  such  as  ))hloridzin  ('61)  were  not  sej)ai-ately  estimatiHl; 
these  com])ounds  would  be  inclmled  in  the  latter  group. 

It  is  of  intcu'cst  to  note  that  it  has  i-ecently  })een  <|U(>stioned  if  ))li](^i-id/,in 
is  a  true  glucoside.  AFoeiavyn-I  Iuches  (123)  finds  that  phloridzin  is  not 
hydrolyzed  by  emulsin  but  by  another  enzyme  occurring  freely  in  nature — - 
probably  (3-('Y^-fructosidase.  ^Foreover,  h(»  also  points  out  that  all  the  pub- 
lished data  on  the  velocity  of  hydrolysis  of  glucosides  by  acids  indicate 
that  })hlori(lzin  resembles,  with  i-esjx'ct  to  velocity  coefficient  and  critical  in- 
crement for  hydrolysis,  the  y-l'mctosides  (sucrose,  raffinose,  melezitose) 
more  closely  than  the  normal  glucosides  (salicin,  arbutin,  maltose,  etc.  >, 
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The  determinations  of  tlie  various  fractions  \\vvc  made  aeeordin;;'  to  the 
writer's  mctiiod  '  199  i .  Tlh'  acid-h  ydroly/.ahlc  "insoluble"  fractions  '4, 
5  include  the  ijl-detined  ifroups  designated  hy  Sniri./.i;  (  172  i  as  "henn- 
e"!lulosc,"'  and  wliicli  iiia\'  function  as  i-eser\'e  material  (129,  1Q7  .  In  lh>' 
[Mi'vciit  in\estiiratlon  the  term  includes  hexosans,  ])entosans,  ;ind  sucli  mixed 
jn  liy  iiicr.->  a^  ))ectiM^  and  u'unis. 

III.  Presentation  of  results 

1.    Growth  measukkmexts 

Throuji'liout  tlu^  i)eriod  1922-24  iiudusive.  i.e.,  befoi-e  tlie  nutrient  salts 
W'M-e  added,  tliei'e  was  no  si^'uificant  diiference  in  jirowth  measurements  in 
trees  from  ditferent  i-o\vs  (^3)    (table  III).     Tlie  response  of  the  trees  to  ni- 

TABLE  II 

Efp^ect  ok  tkf.atmkxts  on  growth  ok  crass  cut  IX  P.>l:.-j 


Treatment 

Weicut  of  (ajAss 

(■I,TPIMX(,S 

r-liork    

XPK  

ffyn. 
84.5 

.1708 

2()7;^ 
1 7r)0 
?,:4?, 

14.-)  7 

XP      

XK      

PK    

X  

P  

troLi'en  additions  was  esj)eeially  striking'.  AVitlun  six  weeks  after  the  tirst 
a}>plieation  in  the  sj)rin'^"  of  1!)2.").  tlie  leaves  of  the  trees  i-eceiviniz'  nitroLien 
additions  chan^'cd  fi'om  a  ])ale  ^rcen  to  a  decj)  Lireeu  color.     .\t  the  end  of 

TAIU.K  II  [ 

J5KAN(  I!    EL0X(iATlO.\    IN     (  KN  11 M  KTKKS    OK    SKA^OX's    HRAXeU    (aiOWTU     ( P>l'2-1  l»l't;  , 


'ri;FATMFNT 

Son 

(AFTER      IHL'4) 

s.-.l 
s(i;; 
4-_'!t 
CIS 

7(;-j 

.'70 

ptL':; 

;;L:7n 
lmc.o 
lm;;;7 
;;ie-j 

L'.-)I7 

l:7!)<; 
l'oim; 

1!>lM 

I'.tL'.-.^ 

]!»•_'•; 

riicck    

XPK    

XP     

.-(Miri 
i>;ol' 

4  its;', 
."()!•  \ 
4ss] 

;;st  t 
4.":;  7 

.".(I.ll 

Oit'.tl 
♦  i}7.-. 

."SOS 

:;lM7 
;;lM7 

!*s.- 

<■».")  7  s 
77!»". 
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this  period  marked  differences  in  <i'rowth  I'csponses  were  observed.  The  soil 
condition  with  respect  to  supply  of  nutrients  at  this  time  is  indicated  by  the 
combined  wei,Lilil  of  tle^  ura^s  el  i  |)j)inL:s  'table  11  i.  taken  in  dune,  li»2."),  from 
til''  "s(mI  cylinders  and  also  of  tln'  eoiidtincd  branch  ('Ionization  at  the  end 
of  the  1!J2.')  growing'  sea>on  i,3j  itable  Jii;  for  all  thi'ce  ti'ees  in  caeh  treat- 
lip'nt. 

The  effect  of  the  differential  fertilizer  treatments  giv(ui  in  the  spring"  of 
1!'2.3  on  the  fruit  bud  formation  of  that  year  is  shown  in  table  IV,  whicli 
gives  the  Tiumber  of  blossom  clusters  remo\-erl  fi'oin.  flio  thr'^e  trees  in  eacll 
treatment  in  ]92(j  (3)  when  the  trees  were  deflorated. 


5*     ■x^-*': 


Fig.  2.     Tyi)i('al  troo  gro\v'm^  in  sod  treated  witli  tlic  three  nutrient  salts:   XaXOj, 
K.so,,  :,nd  Cair,(P(),),  •  tWS). 
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TA15LK  IV 

l-ii' fi,(  r  OK  'I  i;i:A'i  .M  i.NTs  on    MMiii-.i;  OF  uL()>soM    u.rsTKi;.-,   ix    l!t:.M; 


'i'KKATMKXT 

Sou 

Cl  LTlVA'JKi) 

CImtIs          

0 

;;l's 

14.-, 
1  01' 

0 
21 

0 

6 

M'K'    

N  l»                 

;;;u 

NK     

17 

VK    

N    

P    

28 
71 
13 

It  may  be  jxuiitcd  out  here  that  the  tips  of  the  slioots  of  tlie  elieek  trees 
and  also  of  those  reeeivin*^  only  pliospliorus  liad  rehitively  little  aetive  eam- 
biuni  eonij)ai'('d  with  the  trees  of  other  treatments.  Tlie  niti'o«^en-treated 
trees  were  differentiated  from  the  othei's  in  having-  h'ss  xylem  with  thinner 
walls  than  tlie  trees  witliout  niti'o^en  additions.  The  eand)ium,  too,  of  the 
trees  iNMMMvin*:'  added  nitro<i'en  was  aetive  ev(Mi  to  the  base  of  the  st<Mn. 


Fig,  3.     Typical  tree  growing  in  sod  without  nutrient  salt  additions. 


Figure  1^  shows  a  re])resentative  tree  from  the  row  in  sod  and  reeeivin<:- 
all  tluMM'  of  the  nutritive  elements  iiiti-oLi'en,  phosphorus,  and  potassium, 
l^'iiiiire  ■')  stinws  ,'i   represctitat  i\  e  cheek  tree  receiviiej;'  no  nutrient   additions. 

2,      A.\AI.\'ri<\[,    DATA 

In  tilt'  t'ollowini;-  tables  the  tfi'm  ' "  iil  ueose " '  ^\ill  Ijc  used  to  dt'sinna  to  th<' 
reducing'  sugars  estimated  as  glucose  (p.  401;,  and  the  term  "sucrose"  tf> 
indicate  the  non-reducing  sugars  and  glucosides  (p.  401).  The  analytical 
results  are  i)resented  in  tables  V-IX. 

TABLE  y 

Pek(Enta(;k.s  of  water  ix  season's  axu  i.v  one-year  brax ru  growth 

(wood  and  bark  separated) 
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IV.    Discussion  of  results 

1.    ( Jlicosi:  .\\I)  sicKosr; 

ThrouLilidUt  tilt'  <r-i'o\vtli  cvrlc  tin'  concent i"at ion  of  uluco.sc  is  vcrv  niucli 
prroatcr  in  the  bark  than  in  the  wood;  this  liohls  lor  all  treatments,  l^oth 
g"lucose  and  sucrose  deei'('a->e  i'a{Mdly  dui'inL;'  the  early  period  ol"  rapid 
tj^rowth  and  accumulate  a^ain  as  ^i-owth  acceleration  diminishes,  liut  the 
concentration  of  f»lucose  (especially  in  the  bark)  in  the  tissues  examined  of 
the  "no-nitrogen"  trees  is  reduced  considerably  below  those  trees  which 
were  treated  with  sodium  nitrate. 

The  ratio  of  sucrose  to  glucose  indicates  that  inhibition  of  invertase  activ- 
ity is  quite  marked  in  the  trees  which  have  not  received  applications  of  ni- 
trogen. Table  X  gives  these  data  for  the  bai'k  during  the  period  of  active 
growth. 

TABLE  X 

SrCKOSE-GLUCOSE    RATIO 


Treatme.nt 

April  4 

.Tine  'M) 

ArcrsT  15 

Clieek  

NPK    

1.00 
0.50 
0.55 
0.52 
0.70 
0.9;] 

1.90 

0.18 

0.2S 

0.00 
2.50 

1.54 
0.28 

XP    

0.39 

XK     

0.55 

PK       

0.92 

P    

1.10 

The  addition  of  nitroge]]  has  resulted  in  mai-ked  elfect  on  the  activity  of 
amylase,  with  concomitant  inci-ease  in  stai'ch  utilization.  The  data  for  the 
bark  ai"e  brought  together  in  table  XI. 


tablp:  xr 

Starch -<;LreosK  ratio 


Treatment 


Check 

XPK 

XP 

XK 

PK 

N    

P  


June  .30 

Aug  U.ST  15 

29.<i;; 

23.45 

;!.<■)(! 

3.30 

;'..7l 

;;.4i 

4.2S 

4.:;o 

8.SS 

14.12 

4.5S 

4.01 

25.5(t 

17.03 

These  results  lend  added  intei-(>st  to  Si'oi.iir's  (178)  view  that  the  suj)- 
ply  of  simple  sugars  abov(^  that  re(piired  i'or  the  noi-mal  respiratory  activ- 
itv  is  one   of  the   factors  necessarv  for  growth,  and   also  to  Lofav's    (99) 
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attempt  to  associate  blossom  bud  formation  with  a  definite  concentration  of 
sugars. 

?..     To'i  A!.  s(<;ai;s 

In  all  treatments  the  minimum  concentration  of  sugars  in  the  tissues  ex- 
amined is  reached  during  the  fn-st  pei-iod  of  actixc  growth.  Inasmuch  as  ;i 
minimum  at  this  peri(»d  has  jilso  hciMi  obsei'ved  in  othei-  experiments  (69, 
122,  211),  in  which  tlie  e.xternal  environmental  factors  are  very  different 
from  those  of  the  present  ex]KM'iment,  it  would  appear  that  this  phenomenon 


Fk;.  4.      Tvpical  tree  growing  in  soil  ti-j;itcd  with  tlio  two  nutrient  s;ilts:    K  SO,  aii<l 
CaH,(P(),),    2H,0. 

is  indcjx'ndent  of  <'xternal  factors.  The  concentration  of  total  sugars  in 
trees  which  did  not  receive  added  niti-oucn  is  much  lower  than  in  the  nitro- 
gen-treated trees.  The  concentration  of  total  sugaivs  in  the  tissues  examined 
as  i-elated  to  ti'eatiiHMits  is  in  the  following  descending  order:  XPK  ^'  \P  > 
XK  >  X       V       check. 

:>.    Stakck 

The  vai-iations  in  the  distribution  of  starch  thi'oughout  the  cycle  follow 
the  same  ge!ieral   course  observed    in   other  investigations  with   fruit   trees 
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I  69,  122).  Comparisons  in  tliis  rt^spce-t  with  other  iuvostigatioiis  have  to  be 
iiia<h'  A\itli  caution,  liowcvei'.  Ix'causc  on]y  a  I'ew  iiivesti<4'ators  nsino-  in;M'i'o- 
^ropical  nit'tlidil^  lia\i'  M'paratfd  hark  t'roin  wood.  Swaki'.kk  K  i  194  i  con- 
rhidcs  t'i'oin  a  n'\  icw  of  prcNioiis  worl^  that  the  seasonal  clianu't'  in  stai'cli 
(■nnt''ni  vli{)\vs  on  ill'.'  wlioK'  two  iiiaxinia  and  two  niininia.  the  maxima  oc- 
nin'inL;'.  I'csjirct  i\  I'l  y.  at  It'.-if  fall  and  \('vy  early  in  the  spi'inLi':  the  minima 
at  the  time  ol'  maximum  leal'  urowth  and  eai'lv  winter.     lv\aminati{jn  of  the 


Vic.   ~>.     Typical   treo  growing   in   sod   treated   witli   tlio  two   nutrient   salts:    XaXO, 
and  rall.n'O,),    211,0. 

results  !'t[ibh'  \'I  i  of  tlie  })res('iit  expm-iments  sliows  a  ilistinet  \ii'^  of  the 
standi  cliaii^'es  in  tlie  wood  eoin})ared  witli  tliose  in  tlie  bark,  so  tliat  tlie 
donnnant  j)liases  of  tlie  staiudi  cycde  in  the  wood  are  not  the  same  as  those 
for  the  bark.  This  faet  has  to  })e  considered  in  any  attempt  to  I'elate  the 
>tar(di  cycle  to  othei"  i)hysi()loo-i(';il  phenomena,  e.g.,  to  cambium  activity  and 
-W'lem  ditVerentiation. 


The  preat  decrease  in  starch  which  occurs  in  the  bark— but  of  the  nitro- 
i!'en-treat.Ml  trees  only  is  assoeiated  with  swelling-  of  the  hnds.  This  i-a{)id 
utilization  of  staj-ch  in  the  sprin:-'  is  charaeteriM  ie  of  the  int  ro-en-t  r.-ated 
tr.'es.  Ab.reovei-.  the  accumulation  of  starch  in  the  hark  of  all  tre.-s  ;it  the 
p'Tiod  of  cess;,ti(.n  of  active  -rowtli  and  the  a<'cnmulat  ion  in  the  wood  latej- 
on  ill  the  season  su--ost  that  s!;nvh  ae.-nm  ulal  ion  may  he  the  e.mse  n\'  iv- 
tardat  ion  of  ^^Ntw  th. 

The  starch  content  of  the  trees  which  received  nitroo'en  is  at  a  much 
l0W(^r   level  throllLdlOut    tlie   cvele   tlum    fl.t.t   of   +l>o   +...W...    ,,l,w.l,    ;..-!    .,  - 

sodium  nitrate  applications.    The  trees  wiiieh  did  not  i-eceiv.>  nitroo-en  show 
relatively  small  fluctuations  in  starch  content  tlirou«>-liout  the  cycle. 

In  this  experiment  tliere  has  not  been  observed  any  o-i-eat  deposition  of 
starch  in  the  cortical  reo-ion  of  the  bark  found  by  some  investigators  (161  . 
Microscoi)ical  examination  at  various  times  showed  that  the  starch  was  dis- 
tributed between  the  parenchymatous  cells  of  the  cortex,  phloem,  and  riied- 
iillary  rays.  The  pitli  was  packed  with  standi  -rains,  althouo-h  it  was  usu- 
ally the  last  ])ai-t  to  store  it.  A  similar  btdiavior  has  been  noted  by  Oardxer 
(44)  in  the  Bartlett  i)ear.  The  relation  of  the  concentration  of  starch  to 
the  treatments  -ivcn  is  in  the  followiui:-  asc(uiding  order:  XPK  <  XP  <" 
XK  <  X  <  PK  <  P  <  check. 

Encvfiij  relations  of  (jhicosr  and  shn-ch 

Tdueose  and  starch  may  be  regarded  as  two  closely  related  forms  of  po- 
tential energy  (229).  Starch  is  i)hysically  labile,  chemically  stable,  non- 
diirusible,  and  non-dialyzable.  (ducosc.  on  the  other  hand."  is  chemically 
labile.  })hysically  stable,  but  ditfusible  and  dialyzable.  In  the  relatively  low 
glucose  concentration  of  the  cell  plasma  an  e(pially  low  intensity  of  poten- 
tial energy  exists,  whereas  starch  contributes  a  highly  concentrated  form 
of  glucose  with  a  corresponding  high  intensity  of  potential  energy.  If  one 
funeth)n  of  the  ])rotoi)last  is  to  act  as  a  condensation  catalyst  with  power  of 
selectively  removing  sugars  from  dilut(^  solution,  this  may  indicate  the  rea- 
son why  the  determination  of  starch  may  b.^  of  smdi  diagnostic  value.  If 
this  view  be  correct,  then  the  accumulation  of  standi  would  be  the  direct 
ra?/.s^  of  growth  retardation  and  m.t.  as  Haktwell  (59)  suggests,  the  rfsulf 
of  inhibited  growth. 

4.    IIemiceeeiloses 

The  i)hysiological  function  of  this  imi)ortant  class  of  structural  c(dl  wall 
substanees  is  still  obscure,  but  there  is  evidence  to  show  that  in  many  plants 
this  group  may  function  as  a  n's<>rve  material  (93,  129,  135  ).  Thus  Leikee 
(93)  found  wide  fluctuations  in  the  amount  of  hemicfdluloses  in  j)asture 
and  forage  ])lants.  and  Xi(;nTiX(;AEE  (135)  found  a  consid.>rable  decn'ase  in 
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lu'iiiic-elluloscs  in  tomato  plants  durin-  active  -rowtlh  It  nnist  be  borne  in 
,ni!i(l.  liowfver.  thai  th.'  Mi-'ars  and  slareln-s  are  the  more  h-d)ih'  and.  there- 
iui-e.  a!-e  the  more  indieative  of  immediate  ^ea^<)na!  elian^-e->. 

CuMiAKDT  (45).NoK-MAN  f  140,  141,  142  ^  < )  d  )\v  Y  KK  ( 144,  145,  146  ).  and 
SJciii-vvii:  and  his  co-werkei's  (28.  Iiavr".  m  recent  .wars.  ad(hMl  mmdi  to 
(.111-  knewh'd-v  of  the  (-(.m  posit  ion  (.f  these  ivscfve  Mibstanres.  The  resnlt- 
of  these  workers  indieate  that  tlie  lirxo»ans  i  .uahietans,  <:-lueo.sans.  and  man- 
nans)    and  pentosans    (arabinans  aiid   xylansj    contained  in   the  cell   ^valls 

i-,    i      ^1. 4-,.  .-h    i\.o,-+w..,^     ;..    ....vfiiin    n\'    the    lion) ie(d I u loses.      The 

eon>iliiuie     mc    ^ivjin.'-i     iiiiviAv-.i.    ^"    ....  — . 

former  especially  ])redonunate  in  keriuds  of  seeds  i)oor  in  starch  and  fat. 
There  is  evidence  (45,  144,  145,  146j  that  many  of  tlie  lienucelkdoses  eon- 
tain  acid  «ironps  of  tlie  'Miroiuc"  and  *' <:lncnronic"  acid  type. 

The  henncelhUose  of  one-year  old  a])ple  ^vood  examined  by  Gekilvrdt 
(45j  contained  15  per  cent,  li-niiu  70  per  cent,  pentose  sn<z-ars.  T)  per  cent, 
ash,  and  5  per  cent,  moistnre.  No  hexoses  Avere  identified.  The  pentosan> 
(d-xylose  and  1-arabinose)  Avere  ])resent  in  the  molar  ratio  7:  1.  However. 
ToTTixcJHAM,  Kobkuts.  and  Lei'Kovskv  (210)  reported  that  the  wood  of 
bearin*:-  spnrs  of  ai)ple  trees  contained  xylose,  <:-lncose.  and  «:alactose.  The 
j)relinunary  liydrolysis  of  fonr  prodncts  isolated  from  wheat  bran  by  Xokris 
and  Pkekce  (143)  consist  of  (1  )  a  lilneosan.  and  (iM  snbstances  containing 
j)entose  residnes. 

T).      Do    I'KESEXT    METHODS   OK    HYDROLYSIS    ADKl^LATLLY    RLl'RESEXT    RESERVE 

.\L\TLRL\L  .' 

The  question  has  arisen  as  to  wlu'ther  onr  presiMit  methods  of  liydrolysis 
with  weak  or  stron<i-  acids  hydrolyze  the  reserve  hemicelluloses  of  apple 
trees.  Bradbt'RY  and  Roberts  (13  >  conchide  that  they  do  not.  The  meth- 
ods at  i)resent  in  use  are  based  on  the  work  of  Le(^ler('  dp  Sablox  (92)  and 
of  ScHELLEXBERc;  (169).  Ill  apple  tissues.  liRADBPRY  and  UOBERTS  (13 
found  that  these  acids  act  only  upon  the  yonn<;-  xylem,  i)hloem,  and  cam- 
bium c<'lls  and  th.^  j.rimaiy  walls  (,f  other  cells  rather  than  ui)on  the  re- 
serves oceurrinn-  as  cell  wall  thickenin<is.  This  may  account  for  the  results 
•  dven  in  table  VI.  which  show  that  the  seasonal  tlnctuations  in  the  hemi- 
celluloses  ar(>  relatively  sm.ill  and.  therefore,  do  not  atford  a  very  S(Misitive 
index  of  carbohydrate  chan-vs  thron-hont  the  cycle.     Tiiis  whole  problem 

needs  clarification. 

In  the  present  experiments  hemicelluloses  accumulate  in  the  fall  but  no 
re^nlarity  or  trend  is  observed  when  all  the  treatnuMits  are  considered.  The 
sefpieiiee  of  chanucs  in  tln^  hemicellulose  fraction  parallels  to  some  extent 
the  fluctuations  in  starch  content,  but  the  ehan.tivs  in  the  concentrations  of 
the  latter  afford,  as  already  described,  a  much  more  sensitive  index  of  the 
nutritive  conditions.     The  reciprocal   relation  noted  by  :\IrRXEEK   (129^    in 


the  re])roductive  or^-'ans  of  the  apple  between  hemicelluloses  and  total  sugars 
and  also  starcdi  is  not  Vi^ry  definitely  defined  in  the  tissues  examined  in  the 

l>reseiit  investiuatioii.  I  letdi.-elluh.ses  ;)!•.'  nmch  h.wer  in  the  bai-k  than  in 
the  wood,  and  are  Licnerally  highest  in  the  hark  of  the  trees  which  did  not 
i'e('ei\('  nit  rogen. 

»i.     ToiAi,  a\ailm;i,i:  cAi^iioii  \  duates 

Accumulation  of  total  available  carbohydrates  occurs  in  all  trees  when 
growth  begins  to  slacken.  The  relation  of  the  concentration  of  total  avail- 
able carboiiydrates  to  the  treatments  given  is  m  the  following  ascending 
order :  XPK  <  XP  =  Xlv  <  X  <  PK  <  P  <  check. 

The  leaves  were  yellowish  green  in  the  trees  without  nitrogen  additions, 
a  characteristic  of  high  carbohydrate  and  low  nitrogen  conditions. 

7.    Total  nitrogen 

The  distribution  of  the  nitrogen  throughout  the  cycle  is  very  similar  to 
that  found  in  the  earlier  experiments  of  the  writer  (201,  202),  the  charac- 
teristics of  which  are  a  high  concentration  of  nitrogen  in  the  spring,  a  de- 
crease during  the  })eriod  of  active  growth,  and  accumulation  in  the  fall. 
The  concentration  of  nitrogen  in  the  trees  to  which  sodium  nitrate  was  ap- 
I)lied  is  much  higher  than  in  the  trees  which  did  not  receive  any  added  idtro- 
gen.  Thus,  in  these  "no-nitrogen"  trees  the  range  is  from  O.!.')!  to  OSr.VZ  per 
cent,  in  the  wood  and  from  ().7l*  to  ().!)S  ])er  cent,  in  the  bark,  compared  with 
0.44  to  0.81.")  i)er  cent,  and  0.8!)  to  0.48  \)vv  cent,  in  wood  and  bark,  respec- 
tively, of  the  trees  which  received  sodium  nitrate.  The  concentrations  of 
nitrogen  in  the  tissues  examined  from  the  difTerent  treatments  are  in  the  fol- 
lowing descending  series:  XPK  ': •  XP  >  XK  >  X'  >  P  >  check. 

It  has  already  been  pointed  out  (p.  41."))  that  the  apj)lication  of  sodium 
nitrate  has  resulted  in  a  marked  increase  in  the  utilization  of  starch  and 
also  (but  in  a  smaller  i)r()portion  )  of  the  "hemicellulose"  fraction.  The 
omission  of  nitrogen  from  the  complete  fertilizer  combination  (XPKi  has 
resulted  in  a  (hcrcastil  and  not  an  incr((is((J  absorption  of  tin*  remainiiu'' 
elements.  T1h>  significance  of  this  has  been  discussed  by  the  writer  in  other 
papers  (206,  208). 

8.    Carbofiydrate-nitrooex  ri;latiox' 


The  relationshij)  of  this  ratio  to  the  vegetative  and  re{)roduetive  re- 
sponses of  plants  has  dominated  the  field  of  horticultural  restvirch  during 
the  past  decade  (6,  62,  63,  69,  71,  82,  83,  84,  135,  136,  155,  157,  167,  232)" 

A  summary  of  th(>  American  investigations  on  this  subject  up  to  1924  has 
been  given  by  Hooker  (71).  The  claims  to  the  existence  of  a  positiv(»  corre- 
lation betw(>en  this  ratio  and  the  vegetative  and  reproductive  responses  of 
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l)laiits.  liowcvci".  liavr  not  btMMi  allowed  to  pass  uiu-ballenovd  (6,  232).     The 

wlioh'  i)i-o])l(Mii  is  ("ss,'iilially  rrlat.'d  to  the  (jucstioii  of  ])li ysiolo-'ical  balaiie.'. 

A.  l*iiv>i()T-0(;icAL  i;ai,a.\(i;.  TIk'  roiUM-pi  i,\'  pliysioloiiiral  halaiic.-  in 
iii.'taholic  !.^<.^■.>^M■s  has  ph-iycd  a  r..iiM.hTal)h"  mh"  in  iiiodciai  invrst  iiiat  ions 
in  ph\si,,h>-y  '206'.  X'irwin-  tii.-  pi'ohh'ni  with  iv.p,",-l  to  th."  internal  con- 
ditions of  the  phant.  one  may.  with  riai.'ci;  IbO  > .  tak.'  tin'  po-ition  that  I'l-oni 
the  observed  oi>eratioii  ol"  natural  laws  a  shift  in  the  eqiiilibriuia  eonditions 
within  the  ]ivin<i-  cell  nn«:iit  be  brou«iht  about  b>i  (unj  cr'nDud  factor  that 
intliienees  the  rate  of  any  one  of  tJie  muiiitude  of  ehemlral  lectetiuii.s  taking' 
place.  Such  disturbance  in  normal  metabolism  mi<:ht  be  either  temporary 
or  permanent.  AVe  shall  return  to  1*i:ir(i;V  view  i-elative  to  the  external  in- 
fluence atfectin<:-  fruiting-  latei*. 

1>.  X(>\-i:xisti:n(i:  ok  si-kcific  cAKiioiiynwATi:  xrriMHiKX  values  for  a 
GIVEN  KFsi'(»xsE.-^Altlion-h  Klfi'.s  (79,  80)  made  many  valuable  observa- 
tions on  the  etVect  of  alteration  of  external  factors  on  blossom-bud  formation, 
it  would  ai)pear  that  Fischer  (42)  was  the  first  to  sn<i'«!-est  the  possibility 
of  usino-  the  carbohydrate  niti-o<ien  ratio  as  a  means  of  dia<'-nosis.  althoujjh 
no  (piantitative  data  were  i-eported  by  him.  1  lis  o])servational  data  led  hnu 
to  coiu'lude  that  ilowei-inu"  was  associated  with  a  very  hi-h  carl)ohydrate  ni- 
tro<ivn  ratio  whereas  a  low  carbohydrate   nitrogen  i-atio  favored  ve<»-etative 

growth. 

Altliou«ih  thei-e  is  no  sn«:'«i'esti()n  in  the  work  of  Krats  and  Krayhill 
(82)  of  any  spn-ipc  ratio  of  carbohydrate/nitrogen  for  any  response,  at- 
tempts have  been  made  to  establish  lindtin*:'  values  and  even  exact  mathe- 
matical ratios  (54)  between  the  available  carbohydrate  and  available  (;totar) 
nitr(»<:'en  for  a  particular  response.  Kre(pient  citations  of  (Jer. l\r's  paper 
ai)i)ear  in  the  literature,  but  it  has  unfortunately  been  ])\d)lislH^d  oidy  in 
abstract  foian.  On  the  other  hand,  there  is  substantial  experimental  evi- 
dence (62,  154)  to  i-efute  the  association  of  a  .s7>rr///c  carbohydrate/intro«:'en 
ratio  with  the  llowei'in<:-  oi-  the  ve<:ctative  coiulition.  even  in  the  case  of 
plants  of  the  sanu'  species  ti'i"owin:.i-  under  ditTer(Mit  (Uivironmental  condi- 
tions. Thus,  a  comi)ai-ison  of  the  carbohydrate/intro<zvn  ratios  in  the  case 
of  ai)ple  ti-ees  in  New  Hampshire  (154)  and  Oi'c-ou  (62)  shows  that  tlie 
non-b(^arin<i'  si)urs  of  the  former  and  the  most  fnntful  s})urs  of  the  latter 
investi<:-ations  had  the  same  carbohydrate  intro^cn  ratio.  :\roreover.  bearin<r 
s]Mirs  fi-om  the  "sod"  plot,  which  ))i-oduced  ]io  fruit  buds,  in  Krayhill 's 
and  PoTTEi^s  ex|)ei-iments  (84)  had  the  sanu'  carl)ohy<lrate/nitr()<'en  ratio 
as  the  non-beai-in«i'  si)urs  on  the  "  inti-ate"  fertilized  plot. 

('.      Fool)  sriM'LV  AND  HLossoM-iuD  FoKMATioN.      Ill  \ho  j)resent  investi>:a- 
tion  fruit-])ud  foi-mation  is  delinitely  associated  with  such  external  factors 
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as  the  supply  (concentration)  of  iiitrogen,  phosphorus,  and  potassium.  This 
]-esult  is  in  accordance  with  em))irical  deductions  of  the  earlier  practical 
commercial  Lirowcrs  and  with  the  later  more  scientitic  iiehl  obsei'vations  of 
( ;<UKLEY  (  50  i  and  of  Dki.nkakm)  i  36  ) .  that  the  su})ply  of  nutritive  eleiimnts 
from  the  soil  is  undi  r  niosi  jit  Id  conditions  the  factor  of  ^iireatest  impoi'tance 
in  fruit  fulness.  This  fad  is  .-ijso  shown  by  the  results  of  the  numiTous  rx- 
periments  with  laboratorv  control  sinular  to  those  initiated  l)v  Krais  and 
Kraybill. 

The  fact,  however,  that  stunted  plants  of  a  grain  field  and  fruit  trees 
about  to  die  from  mechanical  injury  and  disease  may,  in  a  season  of  insufti- 
eient  rainfall,  put  forth  bloom  out  of  all  pro])ortion  to  the  food  su])ply.  leads 
Peirce  (150)  to  the  view  that  increased  absorption  of  mineral  elements 
from  the  soil  and  eonsequently  the  potential  snpph'  to  the  hud  priniordia  is 
not  always  a  concomitant  of  fruiting.  Tlie  experiments  of  Klebs  '79) 
leave  no  doubt  that  fruiting  under  the  conditions  of  his  experiments  in 
vigorously  vegetative  plants  was  brought  about  by  varying  the  supply  of 
nutrients  with  changes  in  the  illumination.  In  one  of  liis  experiments,  for 
exam])le,  this  was  ejected  by  lowering  the  concentration  of  salts  and  by  in- 
creasing the  illumination.  ]>ut  Peirce  (150)  would  distinguish  between 
light  sufficient  for  photosynthesis  ami  light  as  a  stimulus  to  fruiting: 
"while  reproduction  may  be  accomi)lished  without  exposure  to  more  light 
than  sufficient  for  photosynthesis,  the  moi'c  vegetative  modes  will  b(^  the  ones 
developed,  the  formation  of  the  sexual  organs  taking  })lace  oidy  after  suffi- 
cient stimulation  by  light"  (150).  It  is  ]iossible,  nevertheless,  that  in  the 
experiments  of  Klebs  and  in  the  cases  cited  by  Peirce,  fruiting  may  have 
resulted  when  the  i)rop()rtions  between  available  carbohydrates  and  nitroL^en 
reached  defiiute  limiting  values.  ]\for(^  light  would  Ix*  thrown  upon  the  in- 
terpretation of  such  i)h(Miom(Mia  if  analytical  data  wer*^  available  with 
which  ]dants  in  the  conditions  just  desci-ibed  could  be  compared  with  the 
results  of  experiments  in  which  correlations  of  resj^onse  with  internal  con- 
ditions are  made. 

I).  Extension  oi'  conception  of  balance  to  otiii;r  netrient  elements. 
— The  imj)oi'tance  of  tlu^  niti'ogen  sup])ly  in  the  maintenance  of  a  ])ro])er 
relationsldp  b(^twe(Mi  the  amount  of  vegetative  and  reproductive^  activities 
which  has  long  bctui  observed  in  agi'icultural  ])ractice.  esj^ocially  in  fruit 
growing,  can  Ix^  accounted  for  by  the  fact  that  nitrogen  is  usually  the 
l)rimary  limiting  factor  under  field  conditions  (71,  167).  From  this  view- 
I)oint.  the  concej)tion  of  balance^  may  not  be  confimMl  to  the  relations  betweiMi 
carbohydrates  and  nitrogen  only,  but  may  be  extendenl  to  balances  betw(>en 
other  elements  or  com])lexes.  whichever  may  be  the  limiting  factors  to 
growth  under  the  particular  conditions  of  growth  (167,  205,  206). 
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lu  the  })resent  invosti-atioii,  and  also  in  tliose  reported  by  otlier  mves- 
rp.,tors  (69)  rarbol.vdrat.'  aerunuilat  ion  lias  resulted  from  a  .lefieiem-y  <.t 
Hnrn-.vn;hntar.unni!atinunl^.n-!.ol,ydralrs..anivsullal>urrnniadeluMn^^^^^ 

.,,■  ,,,!,,,  ,„i,„,,l  ,1.1.1. Mils.  .'>per,ally  pot;.>>i.n..  or  phosphorus  (37).  I  hat 
|.,1,  p.ta.MUin  and  phnsphnnis  hav.  ox^h-ImmI  InfluoiH-.  nn  the  synthesis 
,,!•  ...rhohvdrat.s  in  th.  pro.ont  ii.vrsi  i.at  inn  is  not  .^..0.  In  .pi.^tum.  1  h. 
,.arbohvdi-ate  K.,()  and  the  earbohy.lrato  P.O.  ratios  in  ih.  pn,sent  i.ives- 
rioation  are  sbown  in  table  JX.     In  relation  to  treatment  tlie  tormer  tol- 

.1,.    ,1... i;,.o.   .p,.io^.    rbe<'k--^P  >  PK-X  >  XP  >  Nlv  >  M  K. 

aiul  in  the  latter  the  order  is:  eheek  >  P  >  PK  - .  X  >  Mv  >  M  ^  M  K. 
The  signifieanee  of  tliis  order  of  tlie  ratios  will  l)e  disevisse.l  later. 

F  Exi'ioiiiMKNTs  ui-  AuTiHK,  (UTiuiii;.  AM.  XicwKLi-.-Tliese  investiga- 
tors in  a.i  extensive  investigation  (6)  on  the  carbohydrate  nitrogen  ratio 
a>  related  to  flowering  and  length  of  ,lay.  eonehuled  that  flowering,  under 
,1„.  eonditions  of  their  experiments,  eould  be  initiated  by  a  long  or  short 
dav.  depending  on  the  speei.'s  or  variety,  and  that  the  earbohydrate,  nitro- 
„,.;,  ,a,i„  l-or  a  given  speeies  varied  within  wide  linuts  h,d<l,r,„hnth,  of 
,h,„;  rin.,.  From  the  results  obtained  by  then,,  for  example,  on  L„ro,>,  rs,- 
',■„,„  rsc,df>,tu>n.  these  investigators  eonehnled  that  the  "ratio  ot  earbo- 
hvdrate  to  iiitrouvn  lias  little  or  nothing  to  do  with  fruiting. 

'  In  relation  to  these  experiments  by  Airrnrii  and  his  eolleagues  tln^re 
are  two  important  points  to  l,e  eonsi,lered.  either  of  whieli  would  neees- 
sirilv  invalidate  their  eonelusioiis  just  mentioned  -. 

,'l  ,  That  n,  onirr  to  fstMish  tin'  „l,ti:.itin,i  of  ,n,  rlmnnt  or  rompoumi 
„.„„;  fro,,  that  of  mnr  absorption.  tl,r  <l,  t,  rnn„at ion  of  Ihr  lolatanwnnl. 
„f  ,„„tnials  as  d,t,raunnl  tn,  rh,  aural  authors  at  ami  oar  ,,rr,o,  .lors  not 
,Uif,rrntu,tr  t.lar.n  Ihr  amoani  arailat.lr  for  sanlh.sls  an,l  Ihr  a,nount 
,l,„l  nun,  harr  hrrn  ulili:.'!.  Tliis  .hstinrlion  aun,  hr  ''''"'"'"-'  "■'"'  """ 
,/,,,,,,  ofrn-lainhl  onl„  In,  n,rans  of  linu -ahsorni  am  rarrrs  (2081. 

,-.,  Thalronrlasionsn'ilh  rfs,,rrl  to  Ih.  -  r.  ualalion- of  Ihr  ahsorpi  ,on 
.,f  „n.l,  m,  nl  ran  hr  n,a.lr  onh,  a-ln  n  Ihr  ,  ffrri  of  rar„in.,  Ihr  ronrml  rat  ,on 
,„„i  ratios  of  Ihr  olh.r  prinripal  l.lonnnani,  nnlruni  ^Innrnls  on  Ih. 
.,,,.or,,lion  of  Ihr  rlrnuni  in  <,arslion  is  ^noa-n  (206.  208,.  /"  <-  "•  ./  Ih.  sr 
,„;.,,  ;,  „„„  ,,,  ,nrsli.n,.:l  a-hrthrr  Ihr  r.na-lasion  of  Ih.sr^  n,r.su,alors 
„,al  -a  i.hnl  sarh  as  rorn  is  so  ahir  to  rr.jMr  Ihr  aan.ani  ol  n.ratr  takrn 
in  thai  it  is  diffirall  to  in,lu,-r  this  plant  to  lakr  up  mongh  n,lrale  to  u,- 
,.,,„..,    Ihr  lolal  prr,:nla<,r  of  nUrofim  in  Ihr  planf  ran  hr  n,an,l„wr.l. 

\uTmn.  (ii-Tinni:.  ami   Xknvk.i...    finally    suggest    -that    a    study    ol 
,.,„vmes  or  other  snbstanees  present  in  the  very  small  amounts  ,ii  the  grow- 
■„,,;, ips  or  elsewhere  oifers  mneli  more  pn.mi.e  than  gross  earbohydrate  an, 
„i;,.o 'en  fraetions  in  various  plant  organs,  in  explaining  the  mecdianisni  ol 
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li;.dit  in  iiutiatin«>-  flowerinjz-  and  fruit  production  in  the  plant."  Studies 
of  this  naturo,  ('si)eeially  of  thr  type  condueted  l)y  Went  (223),  ai-e  no  doubt 
hiij'hiv  <lcNirat)h'.  Il  is  difticuh  In  iiiuh'rsland,  liowt^vpr.  in  what  way  "the 
^tudv  of  (Mi/yiiit's  ()!•  other  suijstancfs  })res(Mit  in  very  small  amounts  in  the 
Lirowitm-  tip'"  will  assist  in  drtcrmininLz-  the  cuksii!  fuctor  (»f  flower  bud 
fni'iiiat  inn.  Ther,'  is  little  dmiht  that  mneh  of  the  preMMit  ennfii>inn  with 
i-e^ard  to  the  relationship  <»f  earhohydi-ates  and  nitrogen  to  flowering-  and 
fruitin*.^'  is  the  result  of  a  failure,  in  many  eases,  to  reeo«;nize  that  the  ratio 
itself  is  not  a  cdusdl  fncior  but  oidy  the  resultant  of  numerous  antecedent 
unknown  factors. 

It  is  difficult  to  escape  the  conclusion  from  the  results  of  the  present 
iuvesti^-ation  that  the  carbohydrate/nitrogen  ratio,  in  particular  the 
starch/nitro<i-en  ratio,  under  ordinary  field  conditions  serves  as  one  of  the 
most  sensitive  measurable  indices  of  i)hysiolo«»-ieal  balance  that  are  at  present 
available.  In  the  })resent  experiment  the  carbohydrate  nitroo:e)i  ratio  in 
asccndin--  order  is  XlMv  <  XP  <  XK  <  X  <  P  <  check. 

F.  Applk'ATIox  of  the  law  of  mass  action. — The  concept  of  the 
reversibilitv  of  the  metabolic  ])rocesses  of  the  nitrogen  complexes  as  a  func- 
tion  of  the  active  mass  of  carbohydrates  accords  with  the  known  facts  of 
the  pr()tein-sparin«i'  action  ol"  carbohydrates  (180).  And  the  work  of 
Prianisiinikow  (158,  159,  160),  (^hihxall  (23,  24,  25,  26,  27),  and  also  of 
the  writer  (201,  202)  su«'-<zests  the  |)ossible  mechanism  of  this  recii)rocal 
relationship  between  carbohydrates  and  iiitroKcn.  The  final  and  interme- 
diate stauvs  of  the  X  (Mpiilibrium  may  be  represented  :  ''rest"  X  ^  proteins 
^  amino  acids  ^  amides  ^  ammonia.  The  directhm  of  the  reactions  W(udd 
l)e  to  the  i-i^ht  when  the  active  mass  of  carbohydrates  is  low  and  to  the  hd't 
wheu  the  carbohydi-ate  concentration  is  hi«:h   (159). 

9.    Asii 

The  ash  results  ])resent  no  special  j^roblem  for  discussion.  The  results 
consistently  reflect  the  treatments  u-iven  and  are  in  accordance  with 
LiEBic's  Law  of  the  Miinmum.  Thus,  tlu^  series  in  descendin.n-  order  of 
ma-nitude  is  XPK  >  XP  >  XK  >  PK  >  X  >  P  >  check. 

10.      POTASSIFM 

A.  :\Ie(IIANIs.m  of  the  A(  tio.\  of  potassilm.  ReciMit  investi^j^ations 
(75)  i)oint  to  tlp^  fact  that  the  mechanism  of  the  action  of  potassium  may 
be  very  complex  -the  resultant  of  ])hotoelectric  as  well  as  of  radioactive 
])i'operties.  In  this  connection  it  is  of  interest  to  note  that  T.oring  and 
Drpce  (101^  found  that  the  potassium  chloride  o])tained  from  potatoes 
fertilized  with  KCl  had  an  at(muc  wei<rht  of  40.:)    '-  0.1.     A  (pialitative  test 


422 


PLANT    PIlYSIOLOrJY 


sliowed  tliis  sample  to  be  more  radioactive  tliaii  ordinary  KCl.  iiidieatiii^ 

a  i>(»>sil)l<>  l)i()loLiica!  eni-icliiiieiit  of  K"  in  tlie  ])o1ato  j)laiit.  This  ditTereiiee 
in  t!i''  j)li\'s!()l()L;ical  etlVct  of  an  isotope  may  he  related  to  diffcri'iicc  in  the 
dem'ee  ol"  lixdrali^tn  of  the  ions  (208). 

B.  Ikoi.i:  ci'  i'(rrA:->ir  M .  A  !'(\  icw  of  iiixe^i  iijal  ion--  on  thf  funelion-.  of 
polassimn  will  Ije  presented  in  detail  l)\'  the  wi-itei-  in  another  paper.  In 
spite  of  a  i)rodi«i'ions  amount  of  woi-k  the  meehainsm  of  the  action  of  this 
element  is  not  yet  known.  AVhy  does  it  ditifer  so  remarkedly  in  its  action 
from  the  cheinically  related  element  sodium.'  Certain  ])hysiolo«>'ical  ell'ects 
of  potassium,  such  as  its  stimulatin<i-  (catalytic)  action  on  the  p]K)to- 
svntlietic  meelianism.  are  now  avcU  established  (14,  48,  53,  60,  110,  115,  126, 
137,  138,  170,  187,  192,  222,  227,  228).  Indeed.  Stoklasa  and  his  scliool 
(187,  188,  189,  190,  191),  who  have  carried  out  the  nn)st  extensive  and 
critical  exi)eriments  on  the  subject,  maintain  that  synthesis  of  carbo- 
hydrates is  possible  only  in  the  presence  of  the  ])otassium  ion.  The  ])resence 
of  lu<>her  concentrations  of  i)otassinm  in  meristenuitic  tissues  than  in  otlior 
tissues  is  regarded  by  some  investijiators  as  evidence  of  a  direct  or  indirect 
fumdion  in  nutosis  fl04,  137  i. 

C.  Efikcts  of  poTAssir.M  i)i,ii(ii:\(V.  if  the  results  obtained  with 
ex(dsed  leaves  are  eom])ara))le  with  the  livin<:-  ])lant  as  a  whole,  as  the  evi- 
dence obtained  by  (Jkkcory  and  IvIchakds  (53")  would  indicate,  it  would 
appear  that  the  elfects  on  assinnlation  of  a  deficdency  of  each  of  the  pi'in- 
cipal  nutrient  (dements  is  sjxudlic  foi-  ea(di  element.  Ta])le  XI T  summarizes 
the  results  obtained  by  (iKi:(;(>KV  and   Kkiiakds. 

TAIU.K  XIT 


IxF.I.A'lIVl.    K!.Sl'Ii;.\'ri(>N'    AND    AS.-^I  M  n.Al'IOX    IXDielS    OF    HAKI.l-A      IN 

DKKiriKXT    NTTHn-.NT    .SOI.ITIOXS 


(».mi'i.i:tk  axi> 


Treatmkxt 


Complete   nutrioiit    soluticm 

Nitrofjjrn   (](>ficioiit       

I'liosjiliorus     (Icllciciit    

potash    (Idirit'Tit      


l?l.SiaKATION 


AsSIMU.A'l'lON' 


Xftrnial 

Snl)ii(innal 

Xoniial 

Sujicnuiniial 


T>0\V    LIGHT 

IXTKXSITV 


\\\VA\    LIGUT 
IXTF.NSITV 


Xoniial 
Xoriiial 

Slijrlitly 

sii]t('rii(inMal 
Sul)TU)niial 


Xdrinal 

Subiiorinal 

Sligl.tly 

su|)ornortiial 
SulHioriiial 


Thus,  oidy  the  ])otassium-defi(dent  leaves  showed  an  iiutial  fall  in  the 
assimilation  rate  e<pially  mai"ked  at  low  as  well  as  hi<!h  li<rht  intensity.  The 
rate  of  dilTusion  of  CO,  into  the  ccdl  up  to  the  chloroplast  surface,  there- 
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fore,  would  seem  to  (le])end  upon  the  potassium  concentration,  possibly 
thi-onuh  its  role  in  deterndniim'  the  bicarbonate  content  of  the  leaf. 

It  IS  (»f  inle!■e^t  to  compare  these  r<'Milts  with  the  nutrient  culture  experi- 
ments (,f  .Ma(  (di.iavh'Av  (106!  and  of  .Iansskx  and  iJAirnK.Fo.MKW  (77). 
'J'li''  forniei-  found  that  a  delieiene\-  of  phosphorus  and  the  latter  that  a 
deticiency  of  potassinni  reNulte(l  in  increased  pei-centacv  of  iXvx  mattei-. 
from  this  .JAX.-si'N  and  JJAirrnoLo.Mjiw  concluded  that  "up  to  a  certain 
concenti-ation  the  i)otassium  ion  aids  car})on  assimilation.  ]f,  on  the  other 
hand,  the  concentration  of  ])otassium  is  increased  carbon  assimilation  is 
a<iain  decreased."  These  anomalous  results  emphasize  a  })oint  tliat  plant 
physiologists  canm)t  ignoi'e ;  this  is  tliat  experiments  planned  to  determine 
the  role  of  any  of  the  nutritive  elements  are  of  little  value  unless  attention 
is  paid  to  the  (piestion  of  physiological  balance  (208). 

If,  moreover,  the  d(d'ense  meehainsm  of  the  ])lant  against  an  excess 
absorption  of  an  ion  >ucli  as  potassium  is  that  of  precipitation,  as  suggested 
by  some  investigatoi-s  (104,  214),  such  regulatorv  ability  must  be  verv 
limited.  The  work  of  Sekeka  (174)  is  important  in  this  connection.  The 
cleai'-cut  evidence  fi-om  Sekfra's  carefully  planned  experiments  on  barley 
is  that  normal  i)lants  ai-e  able  to  regulate  the  annjunt  of  an  ion  absorbed 
in  excess  of  that  utilized  in  metabolism  by  expulsion  of  that  (dement  into 
the  s(»il  vui  the  roots.  This  has  ])een  discussed  in  detail  bv  the  writer  in 
another  ])ai)er  ( 208j. 

D.  PoTAssir.M  AM)  TRA.vsLOcATiox  OF  sTAifcii. — Although  there  is  con- 
siderable evidence  to  indicate  that  potassium  is  etfective  in  increasing  the 
translocation  of  starch  (75,  76,  77,  110,  138),  experiments  may  also  be  cited 
(134,  176)  the  results  of  wliich  have  been  interpreted  as  indicating  that 
translocatio]]  of  stni-ch  is  indepenchmt  of  i)otassium  salts.  Thus,  Xewton 
i'134)  found  in  water  cultures  that  almost  twdce  the  weight  of  potato  tubers 
was  obtained  in  nunu.s-K  solutions  comi)ared  with  those  from  the  complete 
culture  solutions.  The  weight  of  tops  and  roots,  however,  was  slightly 
in  favor  of  the  latter  cultures.  Ilowevei",  in  the  minus-Ca  series,  in  spite 
of  leaving  a  2.')-gin.  s(»ed  piece  attached  to  the  seedling,  the  plants  died. 
Potato  tubers  have  rcdatively  a  very  high  content  of  potassium  and  a  veiy 
low  content  of  cahdum.  Hence,  as  Xewton  points  out,  liis  experimental 
evidence  h>ads  to  the  conclusion  that  the  l)eneficial  results  of  omitting 
potassium  wtu'e  due  to  the  increased  absorption  of  calciunn  Tlie  reciprocal 
action  of  ])otassium  and  calcium  has  been  observed  in  a  number  of  experi- 
ments (208).  These  anomalous  results  accordingly  may  be  attributed  to  a 
hi(d<  of  ])hysiological  balance  in  the  potassium  cultures.  The  results  of 
Smith  and  1'»t-tler  (176)  may  be  similarly  interpreted.  The  experiments 
of  the  latter  do  not  indicate  that  translocation  of  starch  is  independent  of 
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potassium  but  tliat  tlie  potasshiin  present  iu  tlie  seinl  is  relatively  efficiently 
utili/eil   duriii'^'  tlu'   very  sliort   duration   of   tliese  experiments    (21    days). 

E.     Effect  of  potassium  additions  in  tiik  fufsfnt  kxfkklmknts. — 

(1)  On  fhe  Unf  ro/or.- -None  of  the  typical  symptoms  of  i)()tassium 
defu'itMicy.  /•/:.,  yellowish  <^-reen  leaves  'the  eojor  is  \)suall\-  dai'k  ^immmi  it 
sodium  is  also  defieieiit)  with  i)ur[)le  veins  or  bro\vnin<,^  of  the  i)eriphery. 
were  observed  in  any  of  the  trees. 

(2)  On  the  enzifme  system. — ^lany  exi)eriments  (33,  40,  41,  175,  184, 
193)  indicate  that  potassium  has  a  nuirked  etlVct  on  the  enzyme  systems  of 
the  plant  and  that  the  effects  are  specific  for  different  enzymes.     In  the 
present   experiments   potassium   additions   have   increased   the   activity   of 
amylase  and  of  invertase  (table  VI).     The  marked  effect  of  potassium  in  in- 
creasino-  the   utilization   of   starch   in   these   experiments  is  also   apparent 
from  the  data  ?iven.     Thus,  the  starch   KJ)   ratios  are  in  the  following- 
ascending-     order     with     respect     to     treatments:     XPK  <  XP  <  NIv  < 
N  <  PK  <  P  <  check.     It  is  of  interest  to  note  that  Keed  and  Haas  (163) 
observed  that   oran^re  trees   can   function   with   less   potassium   than   they 
ordinarily  absorb.     Trees  receivino;  no  added  potassium  were  able  to  <rrow 
for  17  months  subsistin«»-  presumably  on  the  potassium  in  the  trees  at  the 
time  they  were  planted. 

Cn  On  the  ahsorption  of  nitrof/en  an<l  phosphorus. — Potassium  addi- 
tions have  increased  the  absorption  of  both  nitro«ren  and  i)hosphorus  in  the 
tissues  examined  (205,  206)  and,  as  a  later  paper  will  show,  this  statement 
nuiy  be  <reneralized  to  the  absorption  of  these  elements  by  the  entire  tree. 

(4)  On  the  potassium/nitrof/en  ratio. — AVallace  (219,  220)  lias 
emphasized  the  sio-nificance  of  this  ratio.  In  his  sand  cultures,  leaf 
scorch  (tip  burn)  of  trees  oTowin«r  with  insufficient  ])otassium  increased 
with  each  increment  of  nitro^^en  in  tlie  nutrient  solution:  at  relatively  ln<zh 
K/X  ratios  leaf  scorch  (tip  burn)  did  not  develo]).  Iironzin<r  of  the  leave> 
of  citrus  trees  «rro\vin^'  in  nutrient  solutions  havin<r  a  low  K^  X  ratio  wa> 
also  re])orte(l  by  Keed  and  Haas  (163). 

(\M-tain  investi«rators  (39,  77)  have  noted  a  reci|)rocal  relationship  be- 
tween the  content  of  the  i)lant  with  resi)ect  to  nitro<ren  and  potassium.  The 
whole  (luestion  of  the  mechanism  of  the  reciprocal  relationship  between 
nitrojren,  ])liospliorus,  and  potassium  in  relation  to  their  absori)tion  by 
plants  has  been  discussed  in  detail  by  the  writer  elsewhere  (206,  208).  It 
may  be  ])ointed  out  here,  however,  that  no  oeneralizations  are  possible  with 
respect  to  the  K  X  ratio  because  the  absorption  of  these  elements  by  the 
})lant  is  a  function  of  the  level  of  nutrition,  i.e.,  rate  of  supply  of  nutrients 
(206,  208).  Accordin«rly,  results  may  show  either  a  ])ositive  (as  in  the 
present  experiment)  or  a  ne<rative  correlation  (39,  77)  with  respect  to  the 
amount  of  these  elements  absorbed  by  a  ])lant. 
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n.    PiiospiioRrs 

A.  KoLK  OF  PiiosiMioKis  i\  RFsPHiATioN.  The  .'X pci-inient s  of  hutll 
LvoN  (102;  and  Si'ofiik  (179,  181)  in  vitro  indieate  that  i)hosi)liorus  may 
act  as  an  accessory  accelerator  of  i-espiration.  The  starch  P.,() ,  and  the 
carl)ohydrate  Vj)  ratios  (table  IX)  (»f  the  trees  of  the  various  treatm.Mits 
in  the  present  field  experiments  also  su<r-'est  such  an  (effect.  The  isolation 
of  a  reducin«r  liexosemonophosphate  by  Xeijijerg  (131,  132)  from  bottom 
yeast  and  by  Barrensciieen  and  Pany  from  Elodea  canadensis  (12)  affords 
very  positive  evidence  tlirtt  phosphales  play  a  role  in  the  intermediate  .stapes 
of  the  carbohydrate  metabolism  of  plants. 

B.  Absorption  of  PiiosPiioRrs.— In  the  ])resent  experiments  the  absr.rp- 
tion  of  phosphorus  by  trees  which  did  not  receive  pho.sphorus  application 
and  by  those  trees  which  received  phosphorus  additions  unaccompanied  by 
the  other  principal  nutrient  elements  is  relatively  low.  A  sij^nificant  in- 
crease in  the  absorption  of  added  phosphorus  has  occurred  only  by  the  addi- 
tion of  potassium  or  nitroo-en  or  both,  i.e.,  in  the  XP  and  XPk  treatments. 
Since  a  rapid  *' fixation"  of  P(),==  ions  takes  place  in  this  Hajrerstown  clay 
loam  soil  (197),  this  increase  in  the  absorption  of  phosphorus  may  be  in- 
terpreted as  the  result  of  an  increase  in  the  solubility  of  phosphorus  follow- 
in^r  a  decrease  in  the  already  existinjr  potential  difference  between  the 
micellar  and  intermicellar  .soil  solution  by  the  K^  and  XO ,-  ions,  in  accord- 
ance with  the  riiBHs-DoNNAN  law  (1,  49,  116,  183,  185,  208). 

C.  Starch  P.O.,  ratio.— Both  the  starch  P,()-,  and  the  available  carlx.- 
hydrate/P.()-  ratios  indicate  that  phosphorus  may  act  as  an  accessoi-y 
accelerator  of  respiration  only  if  adecpiate  sup])lies  of  nitrogen  and  potas- 
sium are  present.  Hence,  it  follows  tliat  in  .soils,  such  as  the  IIa«rersto\vn 
clay  loam  used  in  this  exjx'riment.  which  are  relatively  low  in  nitro«,'en  and 
phosphorus  albeit  hipli  in  available  i)()ta.ssium.  the  ajiplication  of  a  carrier 
of  phosphorus  (P)  or  of  phosphorus  and  potassium  (PK)  would  be  in- 
effective to  permit  sufficient  utilization  of  carbohydrates  for  normal  jzrowtli 
and  reproduction  unless  nitroo(Mi  is  also  ai)plie(]. 

I).  X  PJ)-  RATIO.  In  the  leaves  of  Vifi.s  vinifrra,  LA(;ATr  and  ^Iatmf 
(87)  found  a  linear  relationshij)  between  the  nitrogen  and  })liosphorus  con- 
tents. This  would  1)(>  exj)ected  if  all  the  ])hosphorus  is  in  or<ranic  combina- 
tion as  nucleic  acid,  hM'ithin.  and  allied  substances.  The  nitr()«ren  and 
phosphorus  would  then  be  i)res(Mit  in  the  same  molecule.  This  linear 
relationship  does  not  exist  in  the  tissues  examined  in  the  ])resent  exi)eri- 
ment,  for  wide  seasonal  chan^vs  in  the  X'  PJ),  ratio  occur  in  all  treat- 
ments. This  indicates  that  the  lar«re  and  variable  proportions  of  th.' 
phosj)horus  are  ])resent  as  nitroiren-free  compounds. 
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V2.  AVatkpv  kklatioxs:  piiysiolocual  dryness  of  tissues 
Til.'  positi.u.  of  tho  w;.1.r  halanrr  ^^\\h\u  a  ].lant  i>  (h'triMuiiuMl  by  tlu' 
.„,,,,.,•  of  the  roots  to  maintain  the  supi.ly  and  the  ].<.wer  of  the  leaves  to 
resiM  exeessive  loss.  The  rate  oi'  wafT  h)ss,  if  tlw  plants  do  not  diHer  m- 
teiMiailv  m  scne  manner  affeetinu'  t  ran.pirat  i.m.  will  depend  upon  the 
,„ture"of  the  leaves  and  the  area  of  foliao'c  produeed.  Many  experiments 
,22  58  98,  173)  indieate  that  the  nearer  to  the  optiHUini  tlie  physiolo-ieal 
balance'  of  the  nutrient  solution  the  smaller  becomes  the  transpiration  per 
unit  of  dry  matter  produced. 

V      Potassium  and  physiological  dkyness  of  tissues.— From  the  obser- 
vation that  potassium-starved  fruit  trees  contained  less  water  than  plants 
r,n-eivino-  potassium  additions,  Wallace  (221)  postulates  that  physiological 
.Irvness'of  tissues  mav  be  a  characteristic  of  plants  deficient  m  potassium. 
J.MES  (-76)  also  found  a  sio-nificant  correlation  (V  <  0.01)  between  potas- 
sium and  water  content  throuo-hout  the  o-rowth  period  of  Solanum  tuberosum 
in  the  presence  of  chloride  ions  but  not  in  their  absence,  and  Gregory  and 
liuiivRDS  (53)  found  even  a  decreased  water  content  associated  with  addi- 
tional potassium  at  moderate  concentrations.     These  facts  would  seem  to 
indicate  that  other  causes  than  osmotic  pressure  and  solution  tension  are  at 
work      Nevertheless,  the  influence  of  such  a  stron-ly  hydrated  element  as 
potassium  upon  the  swellin,^  properties  of  <rels  must  be  considerable      These 
results  are  of  interest  with  respect  to  the  relation  of  potassium  to  chlorophyll 
t'nnnation  and  carbohydrate  synthesis  discussed  earlier  in  this^paper.     In 
this   connection,   it   is   interestin^r  to   note   that   the  work  o     Dastur   and 
r.uHumvALLA    (32)    shows  a   positive  correlation  between  the  ehloi-ophyl 
content  and  water  content.     Both  rise  as  the  leaf  grows  to  maturity  and 
both  fall  (the  water  content  most)  as  the  mature  leaf  -rows  old. 

Tn  the  ])res(Mit  experiments,  nitrogen  appears  to  be  the  greatest  factor  in 
.p.n.asing  physiological  dryness  of  tissues  (table  X).  This  may  be  due 
t<,  the  influence  of  sodium  nitrate  additions  on  the  increased  uptake  ot 
potassium.  The  leav->s  and  one-year  and  season's  branch  growth  of  trees 
deceiving  additions  of  all  three  nutrients  ^NPK)  have  the  hig^ln^t  ..ter 
content.  The  series  in  descending  order  is:  M  Iv  >  M  >  A  iv  ^  -a  ^ 
P  >  check. 

P,        PvKIIUVZEN's      PIIYSI.O-CHEMICAL      1  XTEHPRET.VriOX.  -       PaKIIT'Y/EN 

(10 /has  sought  to  interpret  the  facts  of  permeability,  of  ecological  be- 
havior of  differentiation  and  adaptation,  and  also  of  the  life  cycle  of  plants 
f,„,  the  colloid  chemical  view-point.  The  wat<>r  content,  therefore,  plays 
an  intrinsic  role  in  this  theory.  If  the  data  of  Mommsen  (124)  and  Naylor 
.130.    can  be  generalized,  ^external"  proto])lasm  has  an   isoelectric  point 
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at  a  pll  of  4.2-4.5,  whereas  that  of  the  nucleus  is  much  higher,  vi:.,  pH 
5. or).-").  Th(M-e  exists,  therefoi-e.  a  relatively  high  c-potcntial  between  "  ex- 
tei-nal"  pro|o{)lasni  and  the  nneh-us;  in  other  words,  the  pei-ipheral  {)]a-in  is 
more  negatively  chai-ged  than  tlie  perinuclear  part.  Accoi-diniily.  Pakhcv- 
zi:.\-  postulates  that,  as  the  growth  of  the  cell  proceeds,  th-'  hydration 
capacity  oi  th"  ■'exlernal"  prolophisni  increases  uiicrease  t,\'  ncLialive 
charge j.  whereas  that  of  the  "internar'  protopdasm  or  ])ei-inuclear  plasma 
decreases  (decreases  of  negative  charge  or  increase  of  positive  charge;. 
Since  the  minimum  hydration  of  a  colloid  is  at  its  isoelectric  point,  a 
coagulation  of  the  internal  plasma  with  consequent  loss  of  h^-dration  water 
and  absorbed  solutes  occurs  as  growth  proceeds.  In  this  way  the  vacuole 
is  formed.  As  the  cell  grows  the  difference  between  the  charge  (J^-potential) 
of  the  "external"  and  that  of  the  ''internal"  protoplasm  increases  up  to 
the  point  when  the  cell  begins  to  age.  If  the  negative  charge  on  the  outside 
of  the  protoi)lasm  is  destroyed,  solutions  of  acids,  bases,  or  salts  will  never- 
theless tend  to  stabilize  the  colloid.  Bakiiuyzen  argues  that  since  Oster- 
iiouT  (147)  flnds  that  death  of  protoplasm  results  in  loss  of  isoelectric 
charge,  there  must,  in  long-living  cells,  be  a  force  which  keeps  up  this 
charge  during  the  life  of  the  cell.  lie  postulates  that  the  source  of  this 
counteracting  force  is  probably  the  growth  hormones,  Avhicli  increase  the 
hydration  capacity  of  the  protoplasm  during  growth  and  tend  to  keep  it 
up  after  growth  in  volume  is  over  (56,  223).  The  withdrawal  of  water  and 
salts  from  the  vegetative  parts  (9)  is  thus  accounted  for. 

V.  Summary 

Standard  apple  stocks  vegetatively  ])ropagated  from  a  single  i)arent 
and  whi])-g]'afted  to  scions  fi'om  a  tree  of  known  history  were  ))lante(l  in  a 
virgin  soil  contained  in  5  foot  bv  r).;")  foot  boiler  ])late  c\dinders.  These 
cylinders,  42  in  number,  were  sunk  in  the  ground  but  were  isolated  from 
the  surrounding  soil  by  means  of  a  O-inch  layer  of  crushed  limestone.  Two 
years  after  j)lanting',  the  trees  Avere  subjected  to  differential  fertilizer 
treatments  by  the  application  of  different  combinations  of  the  j)ure  salts 
XaXO,,  ('aII,(P(),),- 211,(1,  and  K.SO,,  applied  in  very  small  (  low,  con- 
centrations in  the  spi-ing  of  each  year. 

^Marked  differences  in  resjjonse  to  treatments  were  visible  within  a  few 
months  and  Ixn-ame  progressively  intensified  as  the  expcM'iment  continued. 
During  the  years  lf)2r)-P)2(),  analyses  of  the  one  year  and  season's  branch 
growth  with  res])ect  to  certain  elements  or  groujis  of  elements  were  made 
at  critical  periods  in  the  seasonal  growth  of  the  trees  under  sod.  The  bark 
and  wood  were  separately  examined.  The  re])r()ductive  responses  are  indi- 
cated by  the  numlxu-  of  blossom  (dusters  formed  dui'ing  this  ])eriod.  J'udrr 
rultivation:  XPK,  135:3;  XP.  :m ;  X.  71  ;  PK,  28;  XK,  17;  P,  1:3;  check,  G. 
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rmhr  sod:  NPK,  :V2H  :  XP,  145;  NK.  102;  X,  21  ;  PK,  0;  P,  0;  cheek,  0. 

]',r;nu'li  ("lon-'atioii  followed  tlic  samp  order  relative  t(t  treatment. 

The  analytieal  I'esults  on  the  one  year  and  season's  hi-aneh  -■rowth  slioAV 

tliat  : 

1.  P.oth  "lilneose  ■  and  sneroM-  deereas(>  i-apidlv  durin--  \\u^  period  oi 
active  -rowth  and  aeenmnlate  a-am  when  -rowlh  aeeeleration  dindnisiies; 
this  aeeumidation  of  simple  su<rars  ai)i)<'ars  to  be  a  neeessaj-y  precursor  ot 

g-rowtln 

o     Tiw.  ,.r,y^^.n^^ivuf\n^^   of  simple  Kni^rs  in  tlie  case  of  trees  which  did 

not   receive   any  sodium   nitrate   applications   is  much   lower   tlian   in   the 
nitrojren-treated  trees. 

:].    Inliibition  of  invertase  activity  is  uuirked  in  the  case  of  the  trees 

whicli  did  not  receive  nitrog'en. 

4.  Tlie  starcli  cyele  in  tlie  wood  la«i's  behind  that  of  the  bark.  Bud 
swellino-,  especially  in  the  iHtro«ren-treated  trees,  is  assoeiated  with  a  jzreat 
deerease  of  nitrofi'en  in  tlie  bark. 

5.  Storap-e  of  starch  up  to  the  fall  in  the  no-nitro«ren  trees  is  relatively 
very  preat,  but  the  accumulated  starch  reserves  of  the  trees  which  received 
applications  of  sodium  nitrate  rapidly  diminish  as  growth  proceeds,  lu 
relation  to  the  dil^'erent  treatments,  stareh  follows  the  aseendinnr  order 
XPK  <  XIv  <  X  <  PK  <  P  <  cheek.  Storage  of  stareh  is  intimately  con- 
neeted  with  eessation  of  active  growth  and  api)ears  to  be  the  cause  of  growth 
i-etardation  in  these  experiments. 

0.    The  energy  relations  of  plucose  and   stareh   are  examined  ami  dis- 

eussed. 

7.  The  literature  on  the  physiolopieal  function  of  the  hendcelluloses  as 
reserve  material  is  briefly  reviewed.  In  the  ])resent  experiments  the  sea- 
sonal fluctuations  of  this  prou])  are  relatively  small. 

S.  As  in  the  case  of  starch,  the  total  available  earbohydrates  in  relation 
to  the  ditferent  treatments  follow  the  same  aseendinp  sei-ies  :  XPK  <  XP  < 
XK  <  X  <  PK  <  P  <  cheek. 

!).  Total  nitro-en  deereases  rapidly  during  the  i)eriod  of  active  growth 
and  aeeumulates  in  the  fall.  The  eone.'utration  of  nitropen  in  relat^mi^  to 
the  treatments  follows  the  deseeiidinp  series:  XPK  >  XP   >  XK  >  X  :>  P  ^^ 

cheek. 

10.  The  addition  of  nitropen  as  sodimn  nitrate  results  in  a  preat  in- 
crease in  the  utilization  of  starch.  Xitropen  concentration  is  the  principal 
factor  that  determined,  in  thes.'  experiments,  the  utilization  of  aceumulated 
starch;  but  inereased  i)liosph()rus  and  potassium  c(»neentrations  in  the 
tissues'examined  als(»  stimulate  additional  utilization  n«snltinp  in  inereased 
fiMiit-binl  formation. 


11.  The  literature  of  the  carbohydrate  'nitrogen  ratio  (and  also  of  the 
stareh/nitropen  ratio)  in  I'elation  to  the  vepetative  and  I'eproductive  re- 
sponses of  plants  is  examined  and  discussed.  It  is  pointed  out  that,  al- 
thoiiph  no  mathematieal  I'atio  in  the  sense  of  the  existence  of  a  speeific 
carbohydrate  nitropen  ratio  for  a  ))articula!'  iM^sponst^  exists  For  plants 
prowinp  under  ditferenl  iiieteoi-o|o;,deal  c(»n(iit  ions,  nevertheless,  as  the 
})resent  experiment  indicates,  this  ratio  serves,  under  the  conditions 
ordinarily  met  with  in  the  field,  as  one  of  the  most  sensitive  measurable 
indices  of  physioloirical  balance  that  are  at  ])resent  available.  In  the 
present  experiment  this  ratio  shows  a  definite  pradient  relative  to  the  treat- 
ments in  the  follow inp  aseendinp  series:  XPK  <  XP  <  XK  <  PK  <  P  < 
check. 

12.  The  pereentape  of  ash  in  relation  to  treatments  is  in  descendinp 
order:  XPK  >  XP  >  XK  >  PK  >  X  >  P  >  check. 

13.  The  literature  with  res})eet  to  the  role  of  potassium  in  i)lant  nutri- 
tion is  briefly  discussed.  It  would  appear  that  the  mechanism  of  the  action 
of  ])otassium  is  very  com))lex  and  is  probably  the  resultant  of  photoelectric 
as  well  as  radioactive  i)roperties. 

14.  Althouph  the  soil  used  in  these  ex})eriments  has  a  hiph  j)otassium 
content  (.'MMi  ])er  cent.  K.O  K  the  application  of  K.SO^  inereased  the  potas- 
sium eontent  of  the  tissues  whieh  has  resulted  in  increased  utilization  of 
starch. 

17).  Th(^  reeii)roeal  relationsliij)  between  potassium  and  nitroptMi  of 
l)lants  found  by  some  investipators  is  discussed.  A  positive  and  not  a 
nepative  eorrelation  betwc^en  these  elements  is  found  in  th(^  present  experi- 
ment. 

1().  Tlie  application  of  phos|)horus  as  Call/I^O,  ) .,  2II.,()  also  resulted 
in  increased  utilization  of  stai'eh.  IMiospliorus  appeared  to  have  assisted  in 
the  oxidation  of  the  sim))le  supars. 

17.  The  amount  of  i)hos|)horus  absoi-bed  by  trees  which  received  no 
a|)plications  of  a  i)hosphorus  carrier,  and  also  by  those  tre(^s  which  received 
j)liosphorus  additions  unaccomj)anied  by  one  of  the  other  nutrient  elements, 
is  relatively  small.  The  reasons  for  this  are  discussed.  Apj)Iications  of 
])otassium  and  also  of  niti-open  have  inereased  the  absorption  of  i)hos|)horus. 

IH.  I>oth  the  starch  P.O.,  and  the  available  earbohydrate/PJ )-,  ratios 
indieate  that  phos|)horus  may  act  as  an  accessory  accelerator  of  respiration 
only  if  ade(juate  supplies  of  nitropen  and  ])otassium  are  ])resent. 

P).  Althouph  some  investipators  find  that  ])hysiolopieal  dryness  of 
tissue  may  be  characteristic  of  |)otassium-deficient  |)lants.  in  the  present 
experim(Mit  nitropen  has  been  the  preatest  factor  in  decreasinp  j)hysiolopical 
dryness  of  tissue.  Thus,  the  amount  of  wat(M'  in  tlu^  tissm^s  examined  fob 
I"ws  the  descendim- series:  XPK  >  XP        X  >  XK  >  PK   >  P  >  check. 
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20.    The  literature   on    iiiniiy   ])liases  of  tlie   interrelationships  between 

th,.    plant    and    the   soil    pcrtainiiiy   to   the    pr«'s»'iit    study    is    i-c\ic\v«m1    and 
examined. 
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Dr.  \l.  I).  Anthony  and  .Mr.  d.  H.  Waimn.;.  nf  tie-  1  ).'pail  m-Mit  iA'  llMrtimi- 
ture.  Tlie  jii-owtli  measurciuents  wei'c  made  hy  Mr.  Li:if  \  lknkr  and  .Mr. 
R.  H.  SrDDS,  also  of  the  Departnuuit  of  llortieidture. 
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SOME  RECENT  ADVANCES  IN  BIOLOGICAL  CHEMISTRY* 

■R  Adams  Dutcher,  Pennsylvania  State  College,  State  College,  Pennsylvania 
\  review  of  the  biochemical  hterature  for  the  past  year  or  two  shows  that 
the  biochemist  has  made  remarkable  progress  in  many  fields  of  work.  Ad 
\  ancement  has  been  so  rapid  in  certain  fields  that  it  w^ould  appear  that  onr 
textbooks  and  teaching  may  liave  to  !)e  completely  revised.  I  have  been 
impressed  with  the  remarkable  advancement  that  has  been  made  in  the 
past  few  months  with  reference  to  the  separation,  isolation,  and  determina- 
tion of  structure  of  many  biological  compounds. 

I  have  made  no  attempt  to  make  a  survey  of  all  biochemical  research  for 
the  past  few  months  but  I  shall  endeavor  to  describe  a  few  outstanding 
researches  in  three  or  four  fields  of  activity  which  have  appealed  to  me  as 
being  of  interest  and  importance  to  biologists  and  workers  in  medical  fields, 
as  well  as  to  biochemists. 

To  one  who  has  worked  in  the  vitamin  field  for  a  number  of  years,  the 
developments  in  the  past  few  months  have  been  almost  spectacular.  I 
shall  describe  briefly  a  few  developments  in  this  interesting  field  of  research. 

Vitamin  A 

Karrer  and  co-workers  in  Zurich  have  made  an  exhaustive  series  of  stud- 
ies relative  to  the  chemical  relationship  existing  between  the  pigment  caro- 
tene and  vitamin  A  (i).  Carotene  is  known  to  exist  in  two  isomeric  forms, 
viz.,  a-carotene  and  ^-carotene.  The  former  is  optically  active  and  shows 
an  absorption  band  at  511mM  while  the  ^  variety  is  optically  inactive  and 
shows  an  absorption  band  at  52  Im^  {2). 

It  is  quite  apparent  that  the  carotene  molecule  (C40H56)  is  split,  in  the 
liver,  to  vitamin  A,  which  has  an  empirical  formula  of  C20H30O.  Drum- 
mond  and  co-workers  (.?)  announce  that  their  work  confirms  the  work  of 

Karrer. 

Beta-csLTOtenQ   yielded   geronic   acid   when   treated   with   ozone.     Since 
^-ionone  gives  about  the  same  yield  of  geronic  acid  by  the  same  (ozone) 
methods,  it  is  concluded  that  the  following  symmetrical  formula  represents 
the  carotene  molecule. 
CH,  CHa 


C 

/\ 
H,C    C-C 


CH3 

I 

.C-C=C— C 


CHs 

] 

.C  -C-=C  -C  -C -C 


H     H 
H,C    C    -CH3 
CH, 


H    H      H 


H    H    H    H 


CH3  CH, 

i 

-C-C -C-C  -C-C 
H     H    H  H 


CH,  CH, 
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CH, 


C-C 

I 

H 

CH3-C    CH2 
CH, 


Carotene 

*  Delivered  at  the  joint  meeting  of  the  Divisions  of  Biological  and  Medicinal  Chem- 
istry and  of  Chemical  Education  at  New  Orleans,  March  30,  1932. 
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Olcott  and  McCann  (4)  believe  they  have  proof  that  carotene  is  changed 
into  vitamin  A  in  the  Hver  by  means  of  an  enzyme  which  they  call  "caro- 
tenase." 

Karrcr  and  associates  examined  fish  livers  and  found  that  they  could  iso- 
late a  substance  which  was  more  potent  than  carotene.  The  compound 
contained  C,  H,  and  O  and  yielded  geronic  acid.  The  molecular  weight 
was  about  320  and  it  was  concluded  that  the  vitamin  A  molecule  contains 
but  one  /8-ionone  ring. 


CH,  CHj 

Y 

/X 

H,C       C— CH= 

I         jl 
H2C       CCHj 

CH, 
/3-IoNONE  Ring 


CH,  CH, 

\y 

C 

/\ 
H,C       COOH 

H,C       COCH, 

CH, 
Geronic  Acid 


The  work  of  Karrer  and  Drummond  and  co-workers  indicates  that  the 
vitamin  A  molecule  is  about  one-half  the  size  of  the  carotene  molecule  and 
that  vitamin  A  is  an  unsaturated  primary  alcohol  containing  the  /3-ionone 
ring.  While  the  formula  is  not  established  definitely  at  the  time  this  is  be- 
ing written,  it  would  appear  that  the  following  formula  is  probably  correct 
with  the  possible  exception  of  the  positions  of  the  unsaturated  linkages. 

CH,  CH3 

C  CH,  CH, 

H2C       C CH=-CH— C=CH— CH=-CH— C=CH  CH2OH 

1         il 
H2C       C     CH, 

\y 
CH2 

Vitamin  A  (C,oH,oO)  Provisional 

Vitamin  B 

Considerable  work  has  been  done  to  show'  that  the  vitamin  B  complex 
may  consist  of  five  or  more  fractions.  The  existence  of  the  antineuritic 
fraction,  Bi,  has  been  established  definitely  and  vitamin  B2  is  recognized  as 
a  definite  entity.  These  vitamins  are  also  known,  in  this  country,  as  B 
and  G,  respectively.  Eddy  and  co-workers  contend  that  a  third  factor 
(B.O  is  necessary  for  growth  in  pigeons,  while  Miss  Reader  of  London  be- 
lieves that  there  is  a  fourth  fraction  of  the  old  B  complex  which  is  necessary 
for  normal  growth  in  the  rat.  Miss  Chick,  also  of  London,  is  of  the  opin- 
ion that  she  has  obtained  evidence  that  a  fifth  fraction  exists  which  is 
necessary  for  rat  growth  and  which  differs  from  B4  in  stability. 


4 

.4 


I 


I 


Windaus  and  co-workers  (5)  have  just  announced  the  isolation  of  the 
antineuritic  fraction  (B  or  B,)  in  cr>'stalline  form.  Using  modifications  of 
the  methods  used  by  Jansen  and  Donath,  Seidell  and  Peters,  two  types  of 
rvstalliiie  produets  were  isolated,  one  as  the  iiydrochloride  and  one  as  the 
|,icrolonate.  He  ascribes  the  tentative  formula,  CHirN^^OS  to  this 
lu-hlv  ])otent  ervstalline  prochicl.  This  compound  was  active  in  dailv 
!i,K.s  of  Iroin  1^  to  1  i^annna  lli  UMH)  to  !  HHH)  of  a  ^lilH-ram^  The-  most 
potent  preparations  reported  previously  were  those  of  Jansen  and  Donath, 
which  were  active  in  doses  of  from  7  to  9  gamma  daily. 

Vitamin  C 
It  would  appear  that  we  are  soon  to  be  able  to  ascribe  a  chemical  formula 
to  vitamin  C  (the  antiscorbutic  vitamin)  if  the  conclusions  of  Rygh,  Rygh, 
and  Laland   {6}   are  correct.     These  workers,  publishing  from  the  Uni- 
versity of  Upsala,  describe  the  isolation  of  the  alkaloid  narcotine  from 
oranges,  cabbages,  tomatoes,  and  potatoes.     In  unripe  oranges  narcotine 
is  present  in  fairiv  high  concentration  but  it  appears  to  diminish  as  vitamm 
C  increases  during  the  ripening  process.     Narcotine,  which  of  itself  is  in- 
active as  an  antiscorbutic  agent,  is  capable  of  alleviating  scur%T  symptoms 
after  treatment  with  ultra-violet  light.     When  the  ortho  methoxy  groups 
<  .f  narcotine  were  split  off,  the  ortho  diphenol  derivative  was  formed.     This 
compound  proved  to  be  efficient  in  preventing  typical  scorbutic  symptoms, 
in  doses  as  small  as  20  to  :^0  gamma. 


CH; 


O- 
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CH3O 


NCHs 


H— C 


O 


Z^— 


C--0 


\ 


6C113 

Xarcotink 
The  continuation  of  this  work  will  be  watched  with  great  interest  but 
u  must  be  corroborated  by  other  laboratories  before  being  accepted. 
There  are  certain  phases  of  the  feeding  and  pathological  technic  that 
appear  to  be  open  to  question.  For  the  present,  therefore,  we  can  only 
state  that  it  mav  be  possible  that  narcotine  is  the  parent  substance  of  vita- 
min C  in  much  the  same  way  that  inactivated  ergosterol  is  the  parent  sub- 
stance of  vitamin  D.* 

*  W  A  Waugh  and  C.  G.  King  of  the  University  of  Pittsburgh  have  recently 
announced  that  they  have  been  successful  in  isolating  vitamin  C  in  pure  form.  They 
question  the  accuracy  of  the  work  of  Rygh.  Rygh.  and  Laland  and  contend  that  vitamui 
C  is  similar  to  or  identical  with  hexuronic  acid. 
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Vitamin  D 

The  most  outstanding  development  with  reference  to  vitamin  D  has  been 
the  preparation  of  this  factor  in  tTvstahinc  form. 

Askew  and  co  workers  in  lui^^land  (7),  Windaus  in  (icrmany  (V),  and 
Recrink  and  \'an  W'ijk  in  HoHand  {!n  have  described  the  preparation  of 
cr\siahinc  \itaniin  I)  of  lii<;h  potencv.  The  acti\c  pro(hict  is  isomeric 
witli  rrgoslerol,  contains  three  sets  of  double  bonds  and  a  hvdro.wl  group. 
The  Iinghsh  workers  have  apphed  the  term  "calciferol"  to  their  crystalline 
product.     These  workers  make  the  ester  of  the  activated  sterol  by  adding 

^   ■^-rl1n1trr»Hp>n'7r»^r^    r'VtInrirIp    iri    Hr^'-    T-»^r»-irlir-io  'T^hn    pefor    if"    f\r%^^^^^    ^^^^^of^l 

lized  out  of  acetone,  is  lemon  yellow  in  color  and  melts  at  147-149°.  After 
hydrolysis  of  the  ester,  the  vitamin  is  crystallized  out  of  methyl  alcohol  in 
colorless  cry^stals  which  melt  at  114-117°.  The  D2  of  Linsert  and  Windaus 
seems  to  be  identical  with  calciferol.  Heating  caused  calciferol  (D2)  to 
change  to  an  inactive  product  which  no  longer  possessed  physiological 
activity.     All  these  active  preparations  were  extremely  potent. 

These  researches  seem  to  have  established  the  fact  that,  while  a  number 
of  changes  are  produced  when  ergosterol  preparations  are  activated  with 
ultra-violet  light,  there  appears  to  be  but  one  antirachitic  substance  formed, 
which  is  called  D2  by  Windaus  and  calciferol  by  Askew  and  co-workers. 

Physiological  Oxidations 

In  192G  Philip  and  Grace  P^ggleston  of  London  (10)  described  a  labile 
organic  phosphorus  compound  which  they  isolated  from  muscle  tissue  and 
to  which  they  gave  the  name  "phosphagen."  In  1927  Fisk  and  Subbarow 
(11)  described  experiments  which  indicated  that  phosphagen  is  a  com- 
pound of  creatine  and  phosphoric  acid  and  that  phosphagen  breakdown 
affects  the  buffering  power  of  muscle  tissue. 

It  was  observed  that  phosphagen  disappeared  during  contraction  but 
reappeared  in  the  recovery  period  following  stimulation.  It  was  noted  that 
lactic  acid  formation  seemed  to  follow,  rather  than  accompany,  stimulation. 

In  the  meantime  Lohman  (12)  had  found  another  muscle  substance  which 
was  identified  as  a  compound  of  adenylic  and  pyro-phosphoric  acids,  which 
has  been  identified  recently  as  a  part  of  the  co-enzyme  system  in  carbo 
hydrate  hydrolysis. 

It  remained  for  Lundsgaard  (/,?)  of  Copenhagen  to  discover  (19.30)  that 
muscles  could  be  poisoned  with  iodoacetic  acid,  resulting  in  complete  in- 
hibition of  lactic  acid  formation  but  without  loss  of  contractility.  Verte- 
brate muscles  when  thus  poisoned  may  contract  for  a  time,  accompanied 
by  phosphagen  breakdown  but  without  the  formation  of  lactic  acid.  Such 
muscles  lose  their  power  of  recovery  and  cease  to  become  excitable.  Under 
these  conditions  phosphagen  breakdown  is  complete  with  no  evidence  of 
attempts  at  re-synthesis  of  phosphagen. 
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In  normal,  unpoisoned  vertebrate  muscle,  the  muscle  does  not  lose  its 
excitability  and  lactic  acid  formation  is  noted  during  the  recovery  period, 
accompanied  bv  the  re-synthesis  of  phosphagen.  The  same  general  ob- 
servations have  been  made  with  crustacean  nuiscle  except  that  the  |)hos- 
pliagen  molecule  consists  of  arginine  and  phosphoric  acid  rather  than  crea- 
line  and  ])h()S}3horic  acid. 

The  recent  statements  of  Hill  and  Parkinson  {If),  Lundsgaard  and  others 
have  revolutionized  the  older  viewpoints  relative  to  the  mechanism  of 
muscle  contraction.  Present  data  indicate  that  most,  if  not  all,  i  the 
eiier^'v  of  contraction  comes  from  the  breakdown  of  the  T^hosDho-creatine 
complex  (phosphagen).  The  energy  of  lactic  acid  formation  appears  to 
l)e  utilized  quite  largely  in  the  re-synthesis  of  phosphagen.  This  is  an  en- 
dothermic  process.  The  formation  of  lactic  acid,  although  exothermic  in 
character,  was  lost  sight  of  for  some  time,  owing  to  the  utilization  of  this 
energy  in  phosphagen  synthesis.  It  would  appear  that  rigor  is  not  due, 
primarily,  to  accumulation  of  lactic  acid,  since  rigor  often  precedes  lactic 
acid  formation.  Hill  (15)  and  Himwich  (16)  have  made  the  most  recent 
reviews  of  the  literature  in  this  field. 

If  Witzemann  of  Wisconsin  is  correct  we  may  be  forced  to  revise  our  con- 
ceptions of  certain  phases  of  biological  oxidations.  This  author  (17)  has 
studied  the  mechanism  of  oxidation  of  fatty  acids  with  particular  reference 
to  a-hydroxy  acids.  He  finds  that  the  rule  of  Popoff,  viz.,  that  a-hydroxy 
acids  undergo  oxidation  by  loss  of  one  carbon  atom,  is  not  true  for  a- 
hydroxybutyric  acid. 

Two  types  of  breakdown  are  possible : 


A.  CH3CH2CHOHCOOH  4-  O,  ■ 

B.  CH3CH,CHOHCOOH  +  oO 


■^  CH3  CH,  COOH    +   CO,    -f-   H2O 
— ^    CH,rCOOH    +    2CO.    +    2H2O 


\\\)rking  with  the  higher  a-hydroxy  acids  he  finds  that  these  may  be 
induced  to  lose  two  carbons  at  a  time  also.     He  obtained  "shifts"  in  points 

'f  rupture  by  varying  the  chemical  environment.  His  results  indicate  that 
!he  loss  of  one  carbon  is  due  to  oxidation  of  the  a-keto  acid,  while  the  loss  of 
iwo  carbons  follows  the  oxidation  of  the  enol  isomer.  He  suggests  that 
otlier  "shifts,"  with  reference  to  points  of  rupture,  are  possible  and  feels 
that  (>;  oxidation,  in  the  animal  organism,  is  not  necessarily  accompanied  by 
ioss  of  but  one  carbon  atom. 

Hopkins  and  co-workers  (IS)  have  continued  their  work  in  tissue  respira- 
tion in  which  they  submit  additional  evidence  that  the  transportation  of 
'lydrogen  to  molecular  oxygen  by  the  "glutathione  path"  may  represent  a 

ignificant  and  specialized  aspect  of  tissue  oxidation.  Xicolet  (19)  has  pub- 
iished  evidence  to  show  that  glutathione  is  7-glutamylcysteyl-glycine, 
rather  than  7-glutamylglycyl  cysteine. 
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H,N  CH  CH2  CH,  CONH  CH  CO  XH  CHo  COOH 

MutliU's  work  on  anti-oxidaiits  and  anto-oxidation  of  fats  (J?Oi  has  raised 
a  nnnilxT  of  nitercstinL;  scientific  and  indnstrial  cjucstions,  whicli  can  only 
he  answrird  hv  conliinicd  rcscarcli.  Continnini,^  liis  stndics  of  auto- 
oxidation  as  inJlucnc<'d  1)\'  tlk  pri'scncc  of  antioxidants  and  pro-oxidants 
(promoters),  .Mattill  has  worked  witli  lard  cod-hver  oil  mixtures  and  has 
measured  the  induction  periods,  using  a  modification  of  the  Greenbank- 
Hohii  apparatus.  Phenol,  metacresol  (and  other  cresols)  were  inactive  as 
anti-oxidants.  The  dihydroxy  benzenes  of  the  ortho  and  para  types 
possessed  marked  anti-oxygenic  properties  but  the  meta  type  was  inactive. 
Of  the  trihydroxy  benzenes,  pyrogallol  was  very  active  as  an  anti-oxidant, 
while  phloroglucin  was  but  feebly  active. 

Hydroquinone,  which  is  very  active,  was  inactivated  by  forming  the 
diacetate,  indicating  that  the  hydroxyl  groups  are  responsible  for  the  anti- 
oxidant effect.  .1/p/^a-naphthol  was  ten  times  more  active  than  /^-naphthol 
and  a-naphthoquinone  was  more  active  than  its  /3  counterpart. 

]\Iattill  suggests  that  biological  oxidations  may  be  governed,  in  part,  by 
the  presence  of  traces  of  oxidation  inhibitors.  He  points  to  the  fact  that 
epinephrine  is  an  ortho  dihydroxy  compound  and  thyroxine  a  para  com- 
pound. Carotene  is  more  stable  (when  fed  as  a  source  of  vitamin  A)  in 
peanut  oil  than  in  mineral  oil.  He  explains  this  by  postulating  the  presence 
of  anti-oxidants  in  the  peanut  oil.  He  appears  to  ignore  the  fact,  however, 
that  the  mineral  oil  may  not  have  been  absorbed,  resulting  in  a  loss  of 
carotene  due  to  excretion  of  unal:)sorbed  carotene. 


Enzymes 

Since  Sumner's  announcement  (21)  in  1920  that  he  had  succeeded  in 
preparing  a  very  active  crystalline  urease,  considerable  work  has  been  pub- 
lished to  indicate  that  urease  and  other  enzymes  are  capable  of  existing  in 
crystalline  form  and  that  the  crystalline  structure  consists  of  globulin  or  a 
type  of  protein  closely  resembling  globulin.  Xorthrup  and  Kunitz  (22) 
have  described  a  crystalline  pepsin  and,  during  the  past  year,  have  an- 
nounced [2 J)  the  preparation  of  a  crystalline  trypsin.  A  similar  announce- 
ment regarding  the  preparation  of  a  crystalline  amylase  was  made  during 
the  past  year  by  Caldwell,  Booher,  and  vSherman  (24)  of  Columbia  I'ni- 
versity. 

Waldschmidt-Leitz  and  Steigerwaldt  {25),  however,  contend  that  the 
crystalline  protein  is  not  of  itself  enzymic,  for  the  reason  that  they  were 
able  to  subject  crystalline  urease  to  proteolytic  hydrolysis  until  no  protein 
precipitation  was  possible  by  sulfosalicylic  acid,  without  destroying  ureo- 
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lytic  activity.  Since  hydrolysis  did  not  inactivate  the  enzyme,  these 
authors  are  inclined  to  the  belief  that  the  crystalline  protein  is  but  a 
carrier  for  the  enzyme  and  that  the  protein  is  probably  no  more  than  an 
accessory  concomitant  of  the  pure  (urease)  enzyme. 

In  direct  opposition  to  this  view^  are  those  of  Zakowski  (26),  who  de- 
scribes similar  exp>eriments  in  which  the  activity  of  crystalline  urease 
diminished  during  hydrolysis  of  the  crystallized  protein.  He  concludes 
that  his  data  point  to  the  identity  of  crystalline  globulin  with  urease. 

Within  the  past  few  weeks  Waldschmidt-Leitz  and  Reichel  (27)  describe 
experiments  which  tend  to  show  that  pure  active  amylase  preparations 
are  protein-free. 

No  review  of  enzyme  research  can  be  made  without  referring  to  the  re- 
cent investigations  of  Dubos  and  Avery  (28).  These  writers  describe  a 
well-planned,  systematic  series  of  experiments  on  Type  III  Pneumococcus. 
It  has  been  known  that  the  capsule  of  this  organism  consists  of  a  poly- 
saccharide. Attempts  to  hydrolyze  the  polysaccharide  with  HCl  were 
accompanied  by  loss  of  reactivity  in  specific  antisera.  These  results  sup- 
ported their  conviction  that  the  capsular  polysaccharide  was  responsible 
for  the  type  specificity  of  Type  III  Pneumococcus. 

To  obtain  more  evidence  they  turned  to  the  enzymes  and  for  several 
years  a  systematic  search  yielded  no  results.  Finally  an  organism  was  ob- 
tained from  a  New  Jersey  cranberry  bog  which  possessed  the  power  of  hy- 
drolyzing  the  capsular  polysaccharide. 

After  a  very  interesting  series  of  experiments  they  were  able  to  isolate  a 
relatively  potent  endocellular  enzyme  which  was  specific  in  removing  the 
capsular  polysaccharide  in  the  presence  of  serum  and  at  a  pH  close  to  7. 

As  a  fitting  climax  to  this  excellent  research,  they  injected  potent  prepa- 
rations of  this  enzyme  into  mice  and  found  no  harmful  effects.  Subse- 
quent studies  showed  that  the  new  enzyme  preparation  protected  mice 
igainst  infection  with  Type  III  Pneumococcus.  In  mice  in  which  infection 
was  established,  the  enzymes  exerted  a  favorable  influence. 

Dubos  and  Avery  feel  that  the  reaction  is  a  chemical  rather  than  an 

immunological  one.     Their  data  indicate  that  the  capsule  is  a  decisive  factor 

n  determining  the  fate  of  pneumococci  in  the  animal  body  and  that  it  is 

vulnerable  to  specific  agents  other  than  anti-bodies.     While  they  have  no 

lirect  proof  for  their  theory,  they  feel  that  the  disappearance  of  the  poly- 

accharide  capsule  may  prepare  the  organism  for  phagocytosis. 

While  the  authors,  in  their  conservatism  and  modesty,  say  little  or  noth- 
ng  regarding  the  possibility  of  preventing  and  curing  pneumonia  in  hu- 
nans— it  is  my  humble  opinion  that  the  medical  profession  is  one  step 
Rarer  the  control  of  another  dread  disease  as  a  result  of  assistance  and 
ooperation  of  the  handmaidens  of  medicine — bacteriology  and  bio- 
hcmistry. 
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EEECTROPHORETIC  MIGRATION  \  ELOCFFV,  VIABH.- 
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Bacteria  under  normal  environmental  conditions  have  a  nega- 
tive electrophoretic  potential.  Recently  two  of  us,  Lisse  and 
Tittsler  (1931),  reported  that  the  irradiation  of  Escherichia  coli 
with  ultraviolet  or  even  Mazda  bulb  rays  affected  the  electro- 
phoretic migration  velocity,  viability,  lysis  and  pH  of  an  aqueous 
suspension.  As  a  result  of  these  studies  we  came  to  the  conclusion 
that  when  these  rays  kill  bacteria  they  first  stimulate,  a  process 
accompanied  by  an  increase  in  the  electrophoretic  migration 
velocity,  and  later  destroy,  a  process  accompanied  by  a  decrease 
in  this  velocity.  In  brief,  this  work  suggested  the  hypothesis 
that  stimulation  and  injury  are  reversible  processes  in  which  the 
electrophoretic  potential  tends  to  return  to  normal,  whereas  death 
is  an  irreversible  process  in  which  there  is  no  such  return.  The 
\'alidity  of  this  hypothesis  may  be  questioned  in  view  of  the  fact 
that  Winslow,  d  al.  (1923)  reported  '^that  heat-killed  bacterial 
cells  exhibit  essentially  the  same  curve  of  migration  velocity  as 
that  of  living  cells." 

According  to  the  principles  of  photochemistry  one  is  led  to 
l)elieve  that  certain  effects,  for  example,  those  observed  after 

'  The  experimental  portion  of  this  paper  is  based  on  a  thesis  submitted  by  K.  P. 
I^nzois  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Master  of 
Science  in  the  Graduate  School  of  the  Pennsylvania  State  College,  1930. 

^  Publication  authorized  by  the  Director  of  the  Pennsylvania  Agricultural 
E.xperiment  Station  as  technical  paper  Xo.  542. 

^  Formerly  assistant  in  Bacteriology. 

^  Formerly  assistant  Professor  of  Bacteriology,  School  of  Agriculture. 

•'  Professor  of  Biophysical  Chemistry,  School  of  Agriculture. 

'''  Professor  of  I*hysical  Chemistry,  School  of  Chemistry  and  Physics. 
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„„j,  .,r  uave  k-nii  fc.      ''■>''„,„  , ,„,,„„.  however,  it 

r„'":,:-ive ...» ...  i».^«-is*  s...  e*c«  », 

XV  ,.„.^   nooft^    in  a  review  ot      ine  rnyMuiuB  . 

\\  alien  vi-^— v.  „i -R^rlv  Tissue"  called  aiteiitiun 

R5ent.en  I^.^^^^^^^^^^^:™^^^^^^^^^^^  body  tissues  cell 

to  the  'nj""°7 ,  fr *  ™  and  also  noted  that  "it  has  been 
structures  and  life  P'^'^ff'^"' f^,  tv^.„„  ^avs  must  be  absorbed  in 
pointed  out  by  n-y  authors  t^t^he^e-^.^  ^^^^  ^^^  ^^.^^^ 

order  to  be  effective.  Thus,  '*  J' °",  ^  ^y  .workers  must 
effects  upon  bacteria  which  have  been  no  ed  by  n^^^^^^  ^^  ^^_ 

r  t^if  ™Va^l::td  bytc^ia  they  may  produce 
lieve  that  it  x-rayh  ait.  ultraviolet  irradiation. 

changes  similar  to  t^- PJ^-^ion  wl™  test  the  hypothesis 
The  purpose  of  ^^'^  J"^  e«; jat  ^^^^^^  ^^  .,j^^^. 

^r:?'f°a;:x:n'The  eS^^^^^^^     -^.^^0^^  -^-^^>'' 

''^J"'';'^'  oT™  upon    b^  electrophoretic  potential  of 

I"  ;  •  Holei  For^i  and  Zironi  (1914)  stated  that  the 
bacteria.     Ho^^e^cl,  a  lu n  modified  by  x-rays. 

a,,lutinability  of  fP^^'^^'j-'tX  ttr.t^etic 'potential 
This  would  suggest  no  f^'f."/^;^;,,,^  and  Lisse  (1928)  and 
according  to  the  reports  of  two  of  us,  i  ittslei 

Lisse  and  Tittsler  (1931).  ■yu..n-n<\  nhvsiological behavior 

The  effects  of  x-rays  upon  the  viabM   and  ph>  s  o    g   ^^^^  ^^^^^^ 

of  bacteria,  and  other  "'!"•«•' S^'^f^'^'^lold  bacilli  were  not 
sively  since  Minck  (189G)  -P^^^^  ^^^^  ^^^^^^^  ^.ethods  and 
i,,j,r,a  „y  ,„.  voltage  -^^^^^^^^^^.X  'reviewed  thoroughly 
results  of  the  ear  y  ■"v^^^'R'^  "^  .^  k1,A  elorn  (1925)  and  Trillat 
and  adequately  by  Russ  d""  ')'..«  differed  ieatlv.  Although 
(1927).  The  results  of  these  s  udies  d'^^'-^;^^  ^^^^  r  ^,f  ^^.^,1,. 
lome  observers  reported  -Warded  grc^thuppr^-        ^^^^^^  ^^^^^^ 

P^y^oU>f.^f^^f^'Z:t^^oZ.  who  found  that 
marked    ethal  action,  theit  were  ma  .> 
x-rays  had  little,  if  any,  effect  upon  bacteria. 
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It  would  ap[)ear  that  x-ray«  eitiu'r  iuUa-fore  with  the  growth 
and  noriiial  development  of  bacteria  and  yeasts,  or  produce  a 
decided  leth;d  effect  accordinir  to  many  of  the  recent  reports 
amono;  which  are  those  by  Lacassagne  (1928j,  Holweck  (1!)21)), 
Clark  and  J^oruff  (1929),  Pauli  and  Sulger  (1929),  Holweck  and 
Lacassagne  (1930),  Ellinger  and  Gruhn  (1930),  Wyckoff  (1930a 
and  1930b)  and  others.  However^  Beckw^ith,  ef  al.  (1930^ 
reported  that  the  bacteria  were  not  killed  in  their  experiments. 

Curie  (1929)  and  Glocker  (1931)  have  discussed  the  bactericidal 
action  of  x-rays  from  the  quantum  standpoint. 

TECHNIQUE 

Preparation  of  the  suspension.  The  strain  of  Esch.  coli  used  in 
the  previous  study  of  the  effects  of  ultraviolet  irradiation  and 
which  gave  practically  constant  electrophoretic  migration  veloc- 
ities during  two  years  was  used  in  this  investigation.  The  cul- 
tures were  grown  on  proteose-peptone  agar  slants  of  approxi- 
mately pH  6.8  for  twenty-four  hours  at  37°C.  The  twenty-four 
hour  period  of  incubation  was  chosen  because  Shibley  (1924) 
showed  that  the  quantity  of  charge  varied  until  the  culture  was 
about  eighteen  hours  old,  after  which  it  remained  rather  constant. 
The  growth  was  removed  with  a  small  volume  of  distilled  water  by 
a  gentle  rotary  movement  of  the  culture  tube.  This  suspension 
was  filtered  through  cotton,  centrifuged  at  about  3,000  r.p.m. 
for  one  hour  and  the  cells  resuspended  in  distilled  water.  The 
washing  was  repeated  twice  more  as  advocated  by  Northrop 
and  DeKruif  (1922).  A  very  concentrated  suspension  was  pre- 
pared for  irradiation  as  the  structure  of  the  x-ray  apparatus  did 
not  permit  the  use  of  a  large  volume  at  one  time.  After  irradia- 
tion the  contents  of  six  celluloid  exposure  cells  (described  below) 
were  pooled  and  diluted  to  an  arbitrary  standard,  using  distilled 
water.  The  control  suspensions  were  prepared  by  diluting  a 
portion  of  the  concentrated  suspension  in  exactly  the  same  ratio 
as  the  irradiated  sample.  Colorimetric  measurements  showed 
that  the  pH  of  the  suspensions  was  approximately  6.2. 

X-ray  apparatus  and  technique.     The  source  of  the  x-rays  was 
a  water  cooled  molybdenum  target  Coolidge  tube  mounted  in  the 
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,        ■  ,■  ,lirf,-icti()n  aiiparatus.  (Davey  (Ht21  and 

General  Electric  x-ra>  'l''*'''^  '^•"  •*'  ^  ..if.n.ctifving  tube  at  30 
,,,22)..     TlH.  tul)e  was  "perated  as      s    f  ,  ^  ^^  ^.   ,^,,^1. 

K.\-.„  M  -      ■'■^"'  J'^^''^^"'^"  '•"■"lUe  V    unuU.  -  that  the  total 
amperes.     This  current  was  read  e  c ,     J'^l'         ^.^„,„t  .^^ne. 

'^^-  fdTe  S^d  tXrer:^nurat  30  K.V..  .s. 

i.rno    poll  1(1  t)e  expretoseu  "1  r    ^^  .,  .icnr! 

at  15.2  cm.  distance  (Mo  target).  ^^.^^^  ^^^^ 

Exposure  cells  of  fP^^^'^'^^JZ  end  of  a  piece  of  glass, 
by  forming  a  box  of  celluloid  '^^7**^;'^  «  P^^  .^e  shape 
These  cells  .ere  very  t-n;Pa-"t  to  the  ^^f^^^  ,,  ^.,, 

gave  as  great  and  '^^^jj^f^Xanuous  suspension  of  bac- 
practicable.  When  hlled  ^f  ,*\^^~  enings  of  the  x-ray 
teria,  the  cells  vvere  mounted  at  *e  lower  ope      g  ^^^.^^^ 

apparatus  and  the  P-^-t^we  -^^^^^  f^^,  ^^  ^,^.,  ^  the 
Each  cell,  therefore,  ^^as  ''T™'',''^^;.,^  2)  ranged  from  245  to 
Coolidge  tube.    The  x-ray  dosage  (|-J«  ^^J  ^^^  ,,,get). 

3,000  Ma-M  ^;^'J^^;^;^J^Z^^.eloaiy.    The  appa- 

Measurements  oj  electropiioreuc       y      ,        j,^  ^  by  Falk,  et  al. 

ratus  used  was  the  capillary  «  "   f  Pf^  ^^J^pp.Jus  is  depend- 

,1928).     Since  the  m'g'-^t>°Y,       th  o?the  capS  ary,  preliminary 
ent  in  part  upon  the  bore  -^  length  oHhe-^^^^^^^^^  ^^^^^^ 

tests  were  made  upon  a  number  of  ^aP''  an^s 
From  these  results  several  -Pf-^^  ^^  *  th  s  stdy.    Having 

:ltlt;raruter  -  pSri  :^te  essent.  because 

of  the  danger  of  breakage.  ••.:„.   „.ere  made  upon    10 

Mea.surements  of   migration   veloc  t  es  wee  P     ,^^^^ 

bacterial  cells  (5  with  each  Pf-'*>' "^  *^,  J^e  dements  was 
--r^^r  rsltf  tlu^rl  t:^  averaged  provided 
Tlitdiietrwr  not  greater  than  4  per  -t.  n  c^  of 
greater  differences  further  measurements  ^^^'e  niade  _ 

Je  expressed  in  terms  of  microns  per  -^^^^^"^i^  dichro- 
The  capillaries  and  cell  were  cleaned  thooughly 

mate-sulphuric  cleaning  solution  and  distilled  water.         P 


attention  is  called  to  the  need  for  absolute  cleanliness  of  all  glass- 
ware and  the  use  of  only  high  grade  distilled  water. 

Deferffii nation  of  riabi/ity  and  pll.      In  a  portion  of  the  study, 
ordinary  plate  counts  and  colorinu^ric  measurements  (Lamotte 

TABLE  1 

Eledrophoretic  migration  velocities  of  repeated  experiments  using  variojis 

capillaries 


PERCENTAGE 

CAPILLARY 

DATE 

VELOCITY 

AVERAGE 

DEVIATION 
FROM    AVERAGE 

M/sec. 

January  28 

27.17 

-0  143 

1 

January  29 

26.99 

-0.808 

January  30 

27.12 

-0  313 

v 

February  26 

27  57 

27.21 

+  1.312 

/ 

January  28 

28  13 

+  1.699 

January  30 

27  64 

~0  072 

3 

February  26 

27.85 

+0  687 

March  3 

27.85 

+0.687 

March  3 

27.46 

-0  723 

> 

March  5 

27  06 

27.66 

-2  133 

/ 

January  28 

26.92 

+0  448 

5 

January  30 

26  68 

-0  448 

January  31 

26.80 

0  000 

^ 

P^ebruary  26 

26  80 

26  80 

0,000 

/ 

January  28 

24  02 

-1  395 

January  30 

24  31 

-0  246 

February  26 

24  44 

+0.328 

March  3 

24  44 

+0.328 

7 

March  5 

24  25 

-0  451 

March  6 

24  36 

0  000 

1 

March  7 

24  36 

0  000 

i 

March  11 

24  70 

+ 1  395 

March  14 

24  44 

+0  328 

I 

March  25 

24  25 

24  36 

-0  451 

Standards)   were  made  upon   both   the   irradiated   and   control 
suspensions. 


EXPERIMENTAL    RESULTS 


Experiments,  made  to  determine  the  experimental  error  in  the 
hands  of  the  operator,  showed  that  almost  identical  readings  could 
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lUlt  M)I  M'lON'    '.'OSK^ 

u\l:i-M    AT  :^(1 

DISTANCE    (Mo    TAUCET)) 


245-247 

4^6-499 

1,001-1,013 

1,437 
1,505-1,529 
2,000-2,013 
2,541-2,555 
3,000-3,009 


Nl   MllKU    ()!•     IK^rS 


Mn;u  \TiOM   VK.!.<v  I  rv 


Rayed 


Control 


/i  sec . 

3 

24.58 

•3 

24.09 

6 

24.31 

1 

24.44 

5 

24.28 

6 

24.28 

4 

24.39 

3 

24.36 

n/sec. 

24.25 

24.36 

24.39 

24.61 

24.32 

24.39 

24.44 

24.45 


TABLE  3 

Results  of  viability  studies 


IRRADIATION    DOSES    (Ma-M 

AT  30  K.V.j^  M.S. 

AT    15.2   CM.    DISTANCE    (Mo 

target)) 


NUMBER    OF   VIABLE   CELLS   PER   CUBIC   CENTIMETER 


1,001 

1,011 

1,505 

1,514 

2,000 

2,013 

2,550 

3,000 

3,003 


Rayed 

2,100,000 

2,000,000 

2,430,000 

1,790,000 

2,270,000 

2,580,000 

2,660,000 

1,410,000 

2,890,000 


Control 


2,130,000 

1,760,000 

2,130,000 

1,930,000 

1,930,000 

2.710,000 

2,710,000 

1,350,000 

2,710,000 


TABLE  4 

Results  of  pH  determinations 


IRRADIATION    DOSES 

(Ma-M  Ai  30 
K.V.R  M.S.  ^T  15  2  (M. 

DISTANCE    (.Mo   TARCiET) 


.11 


Suapensiona 


Distilled  water 


1,001 

1,514 

1,514 

2,000 

2,013 

2 ,  555 

3,000 


6.2 
6.2 
6.4 
6.2 
6.2 
6.6 
6.0 


% 


?k 


'I 


})r  obtained  for  each  individual  capillary  when  susponsion.s  of  the 
culture  were  prepared  upon  different  days  as  indicated  in  table  1. 
An  inspection  of  the  data  shows  that  the  r(vulin«;s  with  a  single 
ea])illary  did  not  vary  more  than  4  per  eent,  thus  confirniin<z;  the 
accuracy  of  the  method  as  reported  by  Falk,  et  al.  (1928),  Cha])- 
man  (1929)  and  in  previous  unpublished  studies  by  ourselves. 

The  results  of  electrophoretic  migration  velocities  (table  2), 
plate  counts  (table  3)  and  pH  determinations  (table  4),  all  show 
very  clearly  that  the  x-rays  of  the  wave  lengths  studied  did  not 
alter  the  electrophoretic  charge,  viabiHty  or  pH  of  Esch.  coli 
suspended  in  distilled  water  of  pH  6.2.  Macroscopical  examina- 
tion of  the  irradiated  suspensions  revealed  no  evidence  of  lysis 
and  plate  counts  (table  3)  showed  no  lytic  effect  upon  the  living 
organisms.  These  results  are  quite  different  from  those  obtained 
with  ultraviolet  irradiation,  Lisse  and  Tittsler  (1931).  In  that 
case  there  was  a  marked  change  in  electrophoretic  velocity,  a 
decided  lethal  effect,  lysis  and  increase  in  the  pH  of  the  suspension. 

The  consistent  electrophoretic  velocities  of  controls  (table  2) 
are  in  harmony  with  unpublished  data  obtained  during  two  years 
and  also  with  the  recent  report  by  Chapman  (1929). 

DISCUSSION 

The  changes  in  the  electrophoretic  migration  velocity  which 
accompanied  the  lethal  effect  of  ultraviolet  radiations  suggested 
that  if  x-rays  kill  bacteria  they  should  also  produce  changes  in  the 
migration  velocity.  On  the  contrary,  if  x-rays  do  not  affect  the 
electrophoretic  migration  velocity,  no  injurious  or  lethal  effects 
should  be  expected  in  view  of  our  hypothesis  that  injury  and  death 
are  accompanied  by  changes  in  the  migration  velocity.  The 
latter  assumption  is  supported  by  the  results  of  this  investigation 
which  show  ^'ery  clearly  that  neither  migration  velocity  nor  vi- 
ability were  affected.  This  does  not  exclude  the  possibility  that 
these  rays  may  produce  changes  in  the  migration  velocity  under 
experimental  conditions  which  kill  bacteria. 

The  fact  that  many  investigators  found  injurious  or  lethal 
effects  produced  by  x-rays  while  others,  including  ourselves, 
failed  to  detect  any  such  effects  indicates  differences  in  experi- 
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„„,„„,  ,,,„.li.i.,ns.     The  literature  shows  that  both  biolo^ieal  an.l 
physical  conditions  hav<>  vane.l  considerably  from  one  '"v<|s Uga- 
ion  to  another.     The  cultures  used  may  have  vaned  m  sens.t  a  t> 
due  to  dilTen.nc..s  in  both  the  nutritive  n.ediuu,  and  the  penod  of 
incubation.     The   environmental    conditions    under   «hich    the 
bictena  were  irradiated  have  also  differed  greatly  smee  broth 
cultures,  freshly  inoculated  agar  plates  and  saline  or  water  suspen- 
sions have  been  used.     Undoubtedly  the  differences  in  quahty 
and  quantity  of  x-rays  used  have  contributed  greatly   o  he  differ 
ences  in  the  effects.     However,  in  many  instances  little  if  any 
information  was  given  concerning  either  the  quality  or  mtensity 
of  rays  emitted.     Such  variations  render  a  comparison  of  the 
vario-us  investigations  impossible.     In  view   of  the  difference 
between  the  experimental  conditions  of  the  various  investigations 
it  is  not  surprising  that  different  results  hav^  ^een  obt^amed. 

Using  Mo  rays  at  34  to  38  K.V.h.m  s ,  ^\  yckoff  (19..0b)  found 
that  a  measureable  proportion  of  B.  coU  was  kfl^d^  doses  of 
-^bout  one  one-hundredth  the  amount  which  we  found  ineffectn  e. 
Apparently  there  were  only  two  important  differences  between 
hf  experimental    conditions    and    ours.     First,    he    irradiated 
organisms  immediately  after  they  were  spread  on  the  surjxce  o 
aear  while  we  irradiated  an  aqueous  suspension,     becondlj ,  he 
used'an  x-rav  tube  having  a  Lindemann  window  wh  ch  transmitted 
not  only  characteristic  Mo-K  rays  but  also  very  long  and  easily 
ab  orbed  ravs,  while  we  used  an  x-ray  tube  made  of  the  eommer- 
S  tv^e  of  glass.     Even  if  the  glass  of  our  tube  had  permitted  the 
pisage  of  the  extremely  long  rays  they  would  have  been  ab- 
sorbed bv  the  first  layers  of  the  water  suspension  and  therefore 
rendered  practically  ineffective.     Wyckoff  obtained  very  similar 
results  with  silver,  copper,  chromium  and  n^olybden"-  targe  sm 
the  x-rav  tube,  and  the  use  of  an  Ag  target  gave  almost  identical 
results  in  the  same  time  of  exposure  irrespective  of  whether  he 
used  a  voltage  of  21  K.X'.hms  (giving  Ag-I-  rays  in  add.  ion  to 
the  continuous  spectrum)  or  a  voltage  of  34  I^Y""Twfefore 
\c-K  ravs  in  addition  to  the  continuous  spectrum).      Iheretore, 
we  -re  tempted  to  assume  that  the  Ag-K  and  Ag-I-  rays  were  no 
mo;;  eiieXe  than  our  Mo-K  rays  and  that  the  lethal  effect  was 
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(hie  entirely  to  the  lon^  wave  lengtlis  of  the  eoiitiTuious  si)ectrum 
transtnitted  })y  the  Lindemann  window  and  absorbed  by  the 
bacteria  on  the  agar  surface. 

There  is  also  the  p()ssi})ihty  th;it  tlie  agar  was  infkienced  by  the 
radiation  in  such  a  manner  that  the  l)acteria  were  affected  by 
some  secondary  action  which  was  not  produced  in  our  aqueous 
suspension.  We  are  incHned  to  discount  this  possibility  but  do 
not  beheve  that  it  can  be  entirely  discarded.  Further  experi- 
ments are  contemplated  to  test  this  point. 

SUMMARY 

1.  The  effects  of  "low  voltage"  x-rays  (35  K.V.r^.s.)  upon 
bacteria  are  discussed  on  the  basis  of  a  theory  relating  stimulation, 
injury  and  death  to  changes  in  the  electrophoretic  migration 
velocity. 

2.  During  this  and  other  investigations,  the  electrophoretic 
migration  velocity  of  Esch.  coli  remained  constant  for  over  two 
years. 

3.  Using  the  total  radiation  from  a  Coolidge  x-ray  tube  at  30 
i"^-^  -R.M.s  (without  filters)  no  changes  were  detected  in  the 
electrophoretic  migration  velocity,  viability  or  pH  of  an  aqueous 
suspension  of  Esch.  coli  with  exposures  as  great  as  3000  milli- 
ampere-minutes  at  15.2  cm.  target-culture  distance.  This  dose 
is  about  100  times  as  great  as  that  for  which  Wyckoff  found  a 
lethal  effect.  Possible  causes  for  the  difference  in  results  have 
been  discussed. 
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tuui  of  organic  clu'inicals"  contains  dlrrc 
iioiis    for    prriiariui;     the    following    coin 
tiDUiiiis:    ac'.lyl  i>cti/.i)in,  <l  ar|.;iiiinf  li\(iri> 
iiloridc,     t)cn/.yl     plithaliniidr,     /;  chloro 
;  )(ii/al(Uhyilr,   drsoxyhen/oin,    dc^yl   clilo- 
ridr,     dil  nn/alaertour,      1.1'  dihroiiuxAclo 
i'.rxaiic,  !',(■)  diiodo  p  nitroauilini-,  L',  1  dim 
tiohcn /.aldehyde,    4,r)-diphenylKlyoxHl()ne, 
I  thyl      «,^  -  dibronio  -  (3  -  phenyli)ropionate, 
ethyl  iV-niethylcarbaniate,    hippuric   acid, 
lodothiophene,      mercury      di-/::J-iiaphthyl, 
methyl   isopropyl  carbinol,   .S'-niethyl   iso- 
thiourea  sulfate,  /i-naphthylinercuric  chlo- 
ride, nitrobarbituric  acid,  phenylpropiolic 
acid,  phenyl  thienyl  ketone,  propionalde- 
hy<le,   succinic   anhydride,    ^i-thiodiglycol, 
thiophene,    thiosalicylic    acid,    />-tolualde- 
hvde,  uraniil,  and  diethyl  zinc 

Idle  subject  index  includes  also  the  ma- 
t trial  in  Volumes  X  and  XI,  volumes 
which  are  not  combined  in  the  collective 
work  which  appeared  recently.  [I'Or  re- 
\irws  of  \'ols.  X,  Xf.  and  the  Collective 
\  ojume,  respectively,  see  J.  Chkm.  Iu)rc., 
7,  !L>1,S  (May.  HK-JO);  8,  1242  (June,  19:51); 
'>,  1  19!t  (Aug..  19:^2).  I  Later  references  to 
'1  rtain  of  the  preparations  described  in 
\\\r^v  same  two  volumes  are  also  included. 

1  he  arrangetnent  of  subject  matter  is 
111'  cnstomary  one:  a  section  which  de 
•^^  nhcs  i)rocedure  is  followed  by  a  second 
■■ 'I'.eli  includes  notes  on  specific  parts  of 
'':<  procedure.  .A  third  section  gives  a 
\  'V  brief  summary  of  otlur  methods  of 
i'!' paring  the  same  substance,  and  in- 
cludis  literature  references. 

Ml  of  the  methods  described  have  been 
'  '<  d  in  a  laboratory  other  than  that  of 
th<  contrit)Utor,  so  that  one  can  depend  on 
ol'*. lining  the  described  results. 

X.M  H.w  L.  1  )K.\Ki; 

'      :v  I  Ksi  1  V  or  M  ARvi  \M» 
'   |||ii(,i     I'akk.    Ml). 

C  ■  mistry  of  Food  and  Nutrition.     Hfnkv 

^       Shkrm.\n,     Ph  I)  ,    Scl),     Mitchill 

roftssor  of  Chemistry,  Columbia  I'ni 

■    rsity.      iMHirth     edition.       The     Mac- 

dlaii  Co  ,  Xew  York  City,   19:52       \iii 

'd  1   pp.     :v2   I'igs.     i:j     ■     211  cm. 
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The  author  states  that  "the  purpose  of 
this  book  is  to  pre^riit  the  priiicipU's  of  tlie 
iduiiiistrv  of  food  and  utitritioii  both  as  an 
intiKral  i)art  of  the  -tudv  (»f  eheiiiiNtry  and 
with  rettreiKH  to  \\\v  food  retjinrements  of 
mail  a;id  tlu-  eoii^idcrat ion->  whieh  should 
midirhc  our  ludgiiunt  of  the  nutritive 
value  ot  foods  and  tlie  choice  aiul  use  of 
food  for  the  maintenance  and  advance- 
ment of  positive  health  and  vitality." 
That  the  author  has  accomplished  this 
puri)()se  is  probably  best  indicated  by  the 
favorable  reception  which  previous  edi- 
tions of  the  book  have  been  accorded  by 
teachers  and  students  of  nutrition. 

The  present  book  is  rewritten  and  en- 
larged but  follows  the  same  general  plan 
which  characterized  previous  editions.  A 
comparison  of  the  third  and  fourth  editions 
shows  that  the  latter  contains  twenty-four 
chapters,  while  the  former  consisted  of  but 
twenty.  The  former  brief  'Introduction" 
has  l)een  expanded  into  Chapter  I  of  the 
new  edition.  I'\)rmerly  the  author  dis- 
cussed i)roteins  in  a  single  chapter.  In  the 
new  edition  one  chapter  is  devoted  to 
"The  General  Chemistry  of  the  Proteins 
and  Amino  .Xcids"  and  a  new  chapter  has 
been  added  expanding  the  "Xutritional 
Chemistry  of  the  Proteins  and  Amino 
.Xcids."  The  chai)ter  on  Tron  in  ImkkI 
and  Xutrition"  is  now  "Iron  and  Copper  in 
I'Ood  and  Xutrition"  and  covers  the  recent 
work  on  iron  and  coppi-r  in  bh)od  re- 
geiuTation. 

The  reviewer  feels  that  the  lU'w  i-dition 
is  materially  strengthened  by  the  addition 
of  a  new  chaptir  entitled  ".\cid  Base 
Halanct'  in  hOods  and  Xutrition."  in  which 
the  author  has  brought  together  into  one 
chapter  the  discussion  of  hydrogen-ion 
concentration,  butTer  action,  blood  bufTers, 
acid  elimination,  effect  of  diet,  etc.  hroin 
a  i)e(lagogical  point  of  view  this  is  often 
much  more  etTective  than  to  discuss  the 
various  chemical  and  biological  phases  of 
acidity  and  alkalinity  at  scattered  points 
throughout  the  text 

It  is  for  this  rtason  that  the  reviewer 
regrets  to  tind  that  an  important  former 
chapter   entitled    "Chemical    Xaturc   and 
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KiKulation  of  ()vi(l;i1tvr   Trocrssr^   in    tlu' 

H,,<iv"      !ki(1      Inrll      oiiiiltrM      ill      tli>'     nvw 
,  (iilion.       riu-  iM-i.l)al)U-  iiuchani-ni  (.1  lii<> 
!,)v;lcal  cvulaticiis  !■>  a  iiiattrr  ol  cxtrmir  ni 

trrr->t   \n  ^[\\<\r\\\-  n\   l.inloiiV,  l!U-(lionU-,  aiul 

nutntion  aiul,  in  tlu-  nniid  *.[  thr  r.  \u  wr, 
is  siiiricinitly  iiiiportaiil  to  \n-  tiaaUd  a^  a 
special  topic. 

The  vitamin  chapters  have  ])een  ex- 
,,,,,1  1  ♦,,  ;.,oi.wl<.  oct^'ir'itc  chanters  for 
vitamins  H  and  C^..  The  appendixes  have 
been  modified  and  some  new  acUHtions 
have  been  made  to  this  very  nsefnl  portion 
of  the  bocjk.  Carefnlly  selected  and  re- 
vised bibliographies  are  appended  to  each 

chapter. 

The  index,  which  occupies  :V.)  pages,  is 
unusually  complete  but  has  one  fault 
which  is  likewise  common  to  previous  edi- 
tions, :•;=..  that  a  single  topic  may  be  fol- 
lowed by  as  many  as  :>(>  page  citations. 
Considerable  time  could  l)e  saved  for  the 
busy  reader  if  this  fault  could  l)e  remedied 
in  future  editions. 

No    teacher    whose    work    involves    the 
application     of     chemistry     to     biological 
problems    can    afford    to    call    hi^    active 
reference-   list   completi'   unless   vSherman  s 
"Chemistry  of  I'ood  and  Nutrition"  is  in- 
cluded.     The    choice    of    subject    matter, 
the  clarity  with  which  involved  scientitic 
topics  are   treated,  and  the  authoritative 
but  fair  and  impartial  way  in  which  the 
author,  in  his  characteristic  manner,  dis- 
cusses  controversial    theories,    must   com 
mand  the  reader's  interest  and  admiration. 


Dr.  Sherman's  new  text  will  commend 
ilMJi'  to  (  vrrv  traelur  and  student  who 
.K'^n-.  a  wrll  printrd  trxt  eoutamnig  a 
wrallh  of  eluuiieal  and  nutritional  m 
i,,rniation  intvri>reti(l  1 -v  an  outstanding 
traeh'-r  and  iv  -tarch  worker. 

K.  Ai>.\MS  DriCHi  K 

liii     !>i  NNSVi,v.\Ni.\  Si.Mi    (.■(>i.i.i<a 
Si.Mi    Coi.i.i  <■!:,  1'i;nnsvi.\  .\Ni.\ 

MISCELLANEOUS     PUBLICATIONS 

Education  in  Belgium.  Jamis  h.  Abi:i  . 
Chic^,  Division  of  Foreign  vSchools  Sys 
tems.  r.  S.  Dept.  Interior,  OtTice  of 
lulucation,  Hulletin.  \'XV2,  No.  ."v 
V.  S.  Government  Printing  Office, 
Washington.  D.  C.  (I'or  sale  by  the 
Superintendent  of  Documents,  Wash- 
ington, D.  C.)  14o  pp.  1.-)  X  2;}  cm. 
SO.  If). 

Science  Reading  Material  for  Pupils  and 
Teachers.     C.     M.      Pkiih.     Reprint 
from      Scirncc      Education,      Montclair. 
X.  J.,   VXVl.     27  pp.      I')-"'    X   -•"'  -"^  cm 
Sn.2<) 

While  this  suggestive  reading  list  covers 
the   whole   field   of   science,   it   is   classifu'd 
luider  various  headings  so  that  the  chem 
istry  teacher  may  easily  pick  out  the  lists 
of     particular     interest     to     him.      Pni)il 
references,  teacher  references,  and  periodi 
cal    literature    appear    in    separate    list^ 
Representative'  chemistry  textbooks,  bot'i 
college   and    high-school,   workbooks,    and. 
tests  are'  inclueleel. 
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THE  ASSAY  OF  VITAMINS  B  AND  G  AS  INFLUENCED 

BY  COPROPHAGY^ 

]\\  x.  H.  (;ii:KRA\r  .wd  h.  adams  nrTCiii'iR 

{From    the   J)(  pnrtt/unt   of  Agrlculturai   and  Biological   Ciu  inistry, 
Fennsylvdnia  State  College,  State  Colleg() 

(Received  for  publication,  July  19,  1932) 

AVhoii  aiitoclaved  veast  is  used  as  the  source  of  vitamin  G  for 
supplementing  a  vitamin  1^  complex-deficient  diet,  a  lack  of  uni- 
formity in  the  response  of  our  experimental  animals  has  often 
heen  noted.  Some  rats  died  within  a  period  of  15  to  20  days  with- 
out manifesting;  the  characteristic  symptoms  of  vitamin  B  de- 
ficiency imtil  the  time  of  death.  Other  animals  grew  at  a  slow- 
rate  for  6  to  9  weeks,  at  which  time  typical  paralyses  occurred  and 
persisted  for  several  days.  In  a  number  of  cases  we  have  been 
unable  to  o])tain  paralytic  symptoms  in  a  period  of  20  to  24  weeks. 
These  animals  usually  grew  at  a  fairly  uniform  but  subnormal  rate. 

The  cause  of  these  irregularities  could  not  be  traced  to  varia- 
tions in  initial  weights  of  animals  or  to  litter  variations.  It  was 
found,  however,  that  the  difficulty  could  be  eliminated  almost 
completely  if  larger  mesluMl  screens  (two  meshes  to  the  inch)  were 
used,  thereby  facilitating  the  passage  of  fecal  particles  through 
the  scnH'n.  We  have  noted  that  animals  receiving  a  vit:imin 
H-(lefici(Mit  diet  tended  to  be  nuich  more  coprophagous  than  thosc^ 
which  are  fed  a  diet  adofpiate  in  vitamin  H  but  deficient  in  vitamin 
G.  These  and  other  observations  suggested  the  necessity  for 
furtlier  investigations  relative  to  the  causes  of  tlie  ai)ove 
irregularities. 

Suflici(Mit  experimental  e\idence  (1  22)  has  been  published 
to  demonstrate  that  the  vitamin  H  ('omi)le\  can  be  synthesized 
by  microorganisms  and  that  coprophagy  may  affect  growth  re- 
-[)<>n-e  to  a  marked  degree. 

*  rublished  by  permission  of  the  Director  of  the  Pennsylvania  Agri- 
'ultural  I^xperinient  Station  as  tcciinicMl  itajier  No.  502,  Journal  series. 
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22G  As.'^ay  of  Vitamins  B  and  G 

Tlu.  ,.xn.-rimonls  .b.^cribed  in  the  present  paper  were  conducted 

::';r:h::-r;::::::::::^:"'t;»s:sr";r::';!^ 

EXPKHlMi:.NTAl> 

■n,,   ,.,.a  aK.t    eouMMed    .n    p.u-,.   lu.MOO,   M-  ..>l,.d^^^^^^^ 

IS,   salt   .mxture  ,McCollu,u-s  IS.".  ,2   u        agar     ,   --<-;; 
de'xU.in  56,  cod  liver  od  •-', -^fij;-, butter  fat,  .._^  All  t.e  ...^ 

^;^';:;;cS:^.;:.r  Ei^:  h::t;d  u.  io  !>..«  at  loo-^ 

n^o  ^n  stored  in  glass  containers.  The  cod  liver  oil  and  butter 
«  w"  k  Pt  n  a  Refrigerator  and  added  to  the  basal  diet  ,n  the 
pr„"r,ions  indicated,  just  prior  to  the  time  of  feeding. 
'  The  ^  Uamin  B  supplement  was  prepared  by  P"-^  "J^'.^^ 
cent  ethyl  alcohol  through  dried  brewers'  yeast  until  the  a  co ho 
came  rough  devoid  of  color.  The  percolate  was  concentrated 
m  Ir    i  ninished  pressure  until  the  residue  assumed  a  semisolid 

consistency.      1  ne  resiuiu    vv.i^<  ,     ,    ,    ,     „,,  fiUnrod      'I'lie 

■  1  „.,...t,wl  uitli  cold  95  per  cent  alcohol,  and  hltered.  i  m 
it:.'r:'ni:li:  :.P  U.  i'^  a  vomme  that  O.t  ml.  of  the  solution 
renresented  1  gm.  of  the  original  yeast. 

The  vitamin  CJ  supplement  was  made  from  bakers'  yeas    I^ 
adiing  ethyl  alcohol  to  the  a.ueous  extract  of  the  yeast  unt  1 
alcoholic  concentration  reached  50  per  cen    by     "J'"  ;  J^  '^^^"^  ^. 
cioitate  obtained  at  this  point  was  discardeil,  and  th.  concentra 
cipitau  ouia.  '  ,1  t„  «(i  ncr  cent      A  second  precipitate 

(inn  (if  ilcohol  was  increased  to  »u  p(  r  eeui.     --^  •         ,    '         ,        , 
r  'obi:!:,:..,  which  was  removed  by  fiUnUion   drie^    au  oc  we 
for  ti  hours  at  15  pounds  pressure,  agam  '!"'''';.  7'  '^h  now' 
To  facilitate  the  feeding  of  this  fraction,  it  was  ^"1"^-'   ^  '^  ^^ ,,. 
,l,.red  .lextrin  .so  that  0.3  gm.  of  the  mixture  represented  1  gm.  ol 

\\\v  oriiiinal  vojist.  .  on  4<.  d'. 

I'iebdd  ra'ts,  20  u,  21  days  of  age  and  weighing  from  39  o  4., 
.„  .^re  placed  in  mdivi.hial  cages  provided,  during  the  deple- 
tic^       no.        i.l>  .alvanize.1  bottoms  or  grids  which  contained 

'",,',;,;.  ,o  ,he  inch.     At  the  end  of  the  depletion  period 

h  se    c  eeiis  were  replaced  by  grids  containing  but  two  meshe. 

to  the  in         The  cage  pans  were  equipped  with  absorbent  paper 

S,    h    bs  rbe.l  the  urine  and  facilitated  the  cleaning  of  the  pans. 
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The  animals  were  weighed  at  intervals  of  1  week,  at  which  times 
records  were  made  concerning  food  consumption  and  physical 
coTKhtion.  "^Fhe  time  rfHjuired  for  cessation  of  growth  ranged 
l>t)fii  10  to  '2\  (la\s.  At  this  point  t  h(>  aniin;ds  wtM'e  assigiu'd  to 
the  \'arioiis  experimental  groups,  care  being  taken  to  observe  the 
ii.->ual  pr(U'auti()ns  rt^garding  s<\\  and  litter  origin. 

T.XBLK  I 

Kj[f)'(i  of  Vitaffihi  B  and  Vitamin  (r  Snpp'.entcrLts  an  Rafs  of  S<'ri(s  1   with 

Small  Mcf^hed  Screens  I'scd  during  Depletion  Period 


Oroup 
No. 

No.  of 

rats  per 

group 

Vitamin 

H 
concen- 
trate fed 
daily 

Vitamin 

G 
concen- 
trate fed 
daily 

Feces  fed 

daily 

from 

groui) 

xNo. 

.\verage 
initial 
weight 

Weight 
at  end  of 
deple- 
tion 
period 

.\ver- 

age 
gain  in 
weight 

Average  ' 

weekly  j 

food      ! 

intake    j 

I 

ml. 

(Jffl, 

gm. 

Qin . 

g  tn . 

1 

4 

0  1 

0  3 

40 

47 

93 

39      1 

0 

4 

0  3 

S 

42 

oX 

78 

37 

3 

4 

0  1 

s 

41 

48 

73 

38      \ 

4 

4 

0  3 

0 

41 

.54 

69 

39      i 

0 

4 

0.1 

9 

40 

56 

66 

37 

6 

4 

9 

40 

47 

45 

2S 

4 

S 

42 

51 

38 

26      i 

S 

12 

0.1 

40 

46 

19 

2S 

1> 

16 

* 

0  3 

41 

49 

15 

30 

10 

4 

41 

50 

0 

12      : 

Rat.s 
surviving 
at  end  of 
experi- 
ment 


4 

4 

4 

4 

4 

4 

4 
12 
14 

Of 


*  Each  rat  of  this  group  received,  weekly.  0.1  ml.  of  the  vitamin  B  con- 
c(>ntrate  to  prevent  death  from  beriberi. 

t  All  rats  of  this  group  died  between  the  27th  and  the  49th  day  after 
t)eing  placed  on  the  basal  diet. 

The  first  series  of  experiments  consisted  of  ten  groups  of  animals 
wliich  were  fed  the  various  supplements  to  the  basal  diet  accord- 
ing to  the  outline  given  in  Table  I. 

'i'iie  animals  in  (Jroups  8  and  9  were  placed  on  experiment  from 
12  to  20  days  earlier  than  those  of  (Groups  2  to  7  in  order  tliat  th(Mr 
U'cv^  might  be  available  for  study  with  the  last  mentioned  groups. 
The  feces  from  animals  in  (Iroups  S  and  0  were  collected  from  one 
to  three  times  a  week  and  stonnl  under  etluT  until  the  (uid  of  (»ach 
•xperimental  week.  At  this  time  the  feces  were  pulverized  and 
"AasluMl  four  times  with  ether.  After  the  ri^ained  ether  had  been 
allowed  to  evaporate  the  finely  pulverize(l  matcu'ial  was  stored  in 

IHK    ,'()I    HNAI,   OF    ItlOl.O   .1     \t,   (II    :\Il     IR-i,    \C)I.      \I\III,    NO.     1 
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glass  containers.     The  daily  allotment  per  rat  was  equivalent  to 
the  average  daily  amount   of  feces  voided  per  day  during  the 

c.nvspondin-;  experim(-nt ;tl  week  hy  each  animal  in  (Iroups  S 
.j,,(i  <).  "i"he  avcraiiv  daiiy  amount  of  excreta  void(Ml  jXT  rat  varied 
0.17   to  i».'-^^  gm.   (»!'  (h-y  extracted   feei^s.      To  facihtate   the 


irnm 


w 


ciulun-  ni   the  daily  allotment,  suiTicient    jxawdered  dextrm  was 
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CuAKT  1.  (In.wth  response  made  l)y  the  s(>veral  ^^roups  of  nits  eonstitut- 
iriK'  Series  1,  with  small  meshed  screens  used  during  the  depletion  ])eri(Hl. 
Groui)  1,  basal  diet  +  vitamins  B  and  i\\  dronp  2,  })asal  diet  +  vitamin 
(;  +  feces  from  Group  S;  Group  3,  l.asal  diet  +  vitamin  B  +  feces  from 
Groups;  Group  4,  hasal  diet  +  vitamin  G  +  feces  from  (Iroup  0;  (;roup.), 
i)asal  diet  +  vitamin  H  +  feces  from  (rroup  9;  Group  6,  hasal  diet  +  fece-^ 
from  Group  0;  Group  7,  l.asal  <liet  +  feces  from  Group  S;  Grcmj.  S,  t,asal 
diet  +  vitamin  H;  Group  0,  l.asal  diet  +  vitamin  (;;  (;n.up  10,  hasal  .lu>t 
alone. 

added  so  that  0.3  gm.  of  the  mixture  represented  the  average  dailv 
elimination  per  rat  during  the  preceding  week. 

^rhe  dailv  supi)lements  Were  fed  in  special  receptacles  separate 
from  the  basal  diet  for  a  period  of  S  weeks  following  the  depletieii 
period.  The  results  obtained  are  given  in  Table  1  and  (diart  1. 
Complete  food  intake  records  are  omitted  here,  since  food  intake 
and  growth  resjx.nse  paralleled  each  other  in  a  markedly  uniform 
manner. 


i:xamination  of  Chart  1  shows  that  the  average  body  weights 
of  the  various  groups  at  the  beginning  of  the  curative  period  were 
(juile  variable.  d1iis  was  du(>  to  the  fact  that  the  animals  showed 
r,,!i-ideral)le  variations  ifi  the  time  re(iuir(Ml  f(.r  depict  i(.n.  li  was 
ihought  that  these  \ariation^  might  !)e  exi)laine(l  on  tlie  a-sumj)- 
!i(,n  that  some  eopn.pliau\-  had  occurred  during  the  depletion 
,M  nod  due  t(.  lli(^  small  size  (.f  oi)enings  in  i  he  screen-  or  iirid<,  h 
\va>  I'or  this  reason  that  the  larger  meshed  scnM'Us  were  introduced 

TAIU.K  U 

/•;/r.  r/  m/  Vhamln  B  and  Vitamin  (!  Supplcnunts  on  Hats  of  Sn-ics  2  loiih 

Lnrtjc  Mcshid  Srrrinx  Used  duriitij  Entire  Expcrinunt. 
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concen- 
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Fecef  fed 

daily 

from     1 
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0  3 
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41 
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39 
42 
42 
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49 
o2 
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54 
52 
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51 
54 
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49 
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rnent 


S6 
69 
6S 
()6 
65 
60 
5S 
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(;  HI . 
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31 
36 
3S 
3s 
31 
33 
23 
22 
14 


4 
4 

4 
4 
4 
4 
4 
12 
12 
Of 


*  All  rats  of  this  ^roup  received  just  sufficient  vitamin  H  concentrate 
\"  prevent  death  from  heriheri  durini^  the  exi)erimental  period. 

T  All  rats  of  this  ^n.iip  died  hetween  the  34th  and  the  43rd  day  after 
l'(  in<;  placed  on  the  hasal  diet. 

at  the  beginning  of  the  curative  period  in  Series  1.  In  ord(T  to 
eli\iate  the  discrepancies  mentioned  above,  a  second  series  of 
experiments  was  conducted  in  which  the  large  meshed  screens 
I  two  meshes  to  the  inch)  were  used  throughout  the  entire  experi- 
ttictital  jx'riod. 

The  details  of  management,  feeding,  etc.,  for  Series  2  were 
I'leiitical  with  those  described  for  Series  1.  At  the  end  of  the 
(i'!>letion  period  (which  was  nuich  more  uniform  than  that  of 
>eries  1 )  the  animals  were  divided  into  ten  groups,  after  the  usual 
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precautions  regarding  litter  and  sex  distribution  were  observed. 
The  diet   and  supi^lenienls  of  tlie  various  groups  were  identical 

with  iho.cof  Srri.'s  1,  li^  is  shown  in  'i'ahlo  W,  with  the  exception 
,»f  (in, up  *t.  ln^n^•ul  of  adnnin>l enng  a  wccklv  .Mii^plenienl  of 
vita, ,, in  r>  lo  each  animal  a^  in  Series  1,  ihe  siippl(Miient  was  not 
added  lo  The  diei   unul  ilie  animal^  had  diown  delinile  ^vnii-lonb- 
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CaiART  2.  (".rowth  response  niadc  hy  tlie  several  groups  cf  rats  eoii.M itiit ~ 
in^  Seri.-  •-',  uitii  lar^e  nieshe.l  screens  used  durinji  tl.e  entire  exi)en- 
nient.  dn.up  1.  l.asal  diet  +  vitamins  W  and  (1;  Croup  2,  l.asal(liet  + 
vitamin  (1  +  feces  fn.m  (In.ui)  S;  Croup  W,  basal  diet  +  vitamm  H  + 
fe,.es  from  Croup  S;  Croup  4.  l.asal  <iiet  +  vitamin  (;  +  feres  from  Crouj.  t>; 
(Iroup.-..  l.asal  diet  +  vitamin  B  +  fe.'e^  fr..m  Croup  9;  Cr(.up  6.  l.asal  diet 
+  [vvv^  from  (;r..upt);Cr..up7.  l.asal  rjiet  +  feces  fr(.m  Croup  S;  Cn.up  ^ 
1    .:   .    .    ..;...,.,;..  u.  r ',-,.,,,>  o    l>., <•.  1  ,li.>t  -t-  vitamin  C  :  Croun  10,  I'asa 


lasai 
111 


-\-  leees  I  roin  i  iroup  ^a  ,  v  <i  ou[»  < .  ".i  -••  >  "i<  .     i     ■> i 

},;,,,, 1  ,1,,.,  ^  Vitamin  H;  Croup!*.  Las:,!  diet  +  vitamin  C;  Croup  10,  l- 
dirt  al<.ne  /'  =  (dian^ed  to  f(M(>s  of  rats  reeeivint:  ad(>(piat(^  amount^ 
vitamins  H  and  ( '■  dailv. 

of  \itannn  \\  deficiency  and  the  amount  {v(\,  from  this  point,  was 
the  mimmum  amoiuit  nMpnred  to  r(diev(^  paralytic  symptoms  and 
maintain  life  without  i)ro(lucing  a  ])ronounc(Ml  (dTect  on  growth. 

The  (experiments  in  Series  2  diffenMl  in  one  other  respect:  //:., 
aft(T  the  usual  S  week  curative  period,  (iroups  2  to  7  received  daily 
supplements  of  0.:^  gm.  of  extracted  feces  obtained  from  rapidly 
growing  rats  which  had  received  daily  allotments  of  dried  bakers' 


}'(Mist.     Idle  data  obtained  bv  this  change  in  feeding  procedure 
are  indicated  in  Chart  2  by  the  broken  line  extensions  of  the  growth 

(•iir\"es. 

Al  the  !inie  these  daia  were  h(ang  assembled  h.r  publieat  i(»n, 
IJo-^eoe's  paper  '21)  appeartal,  emphasizing  the  significance  and 
inijx.r!  a.nce  (.f  eonrophagx'  and  refeelion  in  expeiinHMiIal  rat.->'. 
'  hir  findings  \\\\\\  few  ('Xeeplion-  are  in  general  a.greenien!  with 
those  of  ]{osc(»e,  although  the  methods  of  attack  are  somewhat 
ilitferent. 

DISCUSSIOX 

The  marked  similarity  in  results  obtained  in  Series  1  and  2 
(Charts  1  and  2)  indicates  that  the  varial)ility  in  depletion  time 
and  in  body  weight  at  the  beginning  of  the  curative  jM^riod  in 
Series  1  had  no  appreciable  effect  in  the  subsecpient  deportment 
of  the  experimental  animals.  It  woidd  a{)pear,  therefore,  that  it 
is  possible  to  discuss  the  results  in  terms  of  corresjjonding  groups 
in  both  series  of  exi)eriments. 

The  Jinimals  receiving  the  supplemented  basal  ration  (Croups 
1(1  >  resjionded  in  much  the  same  manner,  with  the  exception  that 
those  in  Series  I  died  betwe(Mi  the  27th  and  49th  days,  while  those 
of  Seric^s  2  all  died  within  a  9  day  period,  viz.,  between  the  .S4th 
and  4!^rd  days  of  the  (experiment.  Some  of  the  animals  manifested 
cliaracteristic  paralytic  symptoms  just  pri(»r  to  death,  while  others 
•  lied  without  showing  these  symptoms.  After  death,  howe\"er, 
I  lie  latter  were  found  clutcluMl,  by  mouth  or  by  |)aws,  to  the  side 
i^r  bottom  of  (h(e  cage.  TIk^  groups  which  r(eceive(l  tlu*  vitamin 
* ':  -upplemenl  ((Jroups  9)  averaged  ir>  and  12  gm.,  r(esp(HM  i\'(d\'. 
Ml  the  S  w(H'k  period,  and  paralysis  was  observed  (juite  fre(iuentl\', 
'^r'eeiall\-  in  Series  2. 

When  \itainin   H  was  the  soh*  supplement   to   the  basal  ration 

'  di.iips  Si  bett(M-  initial  growth  was  obtained,  although  there  was 

.'!   lendeiicy  idr  weight    to  decline  toward  the  (Mid  of  the  S  week 

'  \perimental    period.      Many    of    thes(e   animals   d(e\el(){)ed    scaly 

:••<  '  and  a  mild  form  of  dei'matitis  on  the  head  and  iHH'k. 

Ihe  groups  which  rec(aved  tin*  basal  ration  supplemented  by 
I' ''e>  irom  \ilamin  (J-deficient  animals  (Croups  7i  made  an  aNC^r- 
;i-''  gain  of  .')  and  7  gm.  \)vx  we(>k,  respeeti\(dy,  and  all  aiiimaN 
'' niained  in  appanMit  good  health  until  the  ^'xpei'iment    was  ter- 
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minatod.  Our  observations  differed  from  those  of  Hoscoe  (24)  in 
llml  we  faiI(Ml  to  nol(^  any  ahnonna!  >ize  or  volume  of  tlie  f<M'es 
,,i1h'1'  iiian  tliitt  wliicl!  coiiM  l.(-  ('V{)lM!n.Ml  nn  ihr  hasi<  of  incre-i^'d 
f.wul    iiilake.      Wr    noted    llial     iIh'-<'    animal    H'luh'd    to    drxclup 

roiiuii  <'!'  .-liau«j,\   tur. 

Tl,,'  ui'oup-   wliK'li   reeeixcd   thr  l)a-;.i   ration   M!!)pl<'!n<'nt  i-d   !  .\ 
loecs  from  \Hamin  r>-dcfi(a<'ni  aa!inial>    (iroup>  (n  n;re\v  al   a  rair 
(luite  eomparal)le  with  that  shown  hy  (d-oups  7.     Comparison  ot 
Curves  10  (diarts  1  and  2)  shows  (luite  clearly  that  diets  deficient 

It      ,-  1    f^    ^  . ,.    u.>    ...I.^.^loT>^ot^i oJ    it-i   'wl-v-'int 'uro    with 
m   \namm>   i>   aim   v«   ^.cm   »'v-    .-iif»j/.v  ...v  ..w ., ^ 

feces.  The  addition  of  feces  from  normal  rats  receiving  O.G  j^m. 
of  yeast  per  day  did  not  prove  beneficial  so  far  as  stimulation  of 
new  or  more  vigorous  growth  was  concerned. 

(Iroups  f)  which  received  the  basal  ration  supplemented  with 
the  vitamin  I)  concentrate  and  feces  from  Groups  9  showed  an 
average  weekly  gain  of  about  S  gm.  The  response  of  Groups  4 
was  (piite  comparable  with  that  of  Ciroups  5. 

The  results  obtained  in  (Iroups  :^  show  how  feces  from  vitamin 
G-dehcient  rats  can  supplement  a  vitamin  (Uleficient  diet. 
Groups  2  grew  well  on  a  diet  deficient  in  vitamin  I^  when  the  diet 
was  supplemented  by  feces  from  rats  which  had  received  adeciuate 
amounts  of  this  vitamin. 

Our  data  are  in  general  agreement   with  those  of  Roscoe  (24) 
regarding  the  stimulatory  effect  of  feces.     44ie  growth  responses 
in  Groups  2  to  7  show  (luite  conclusively  that  vitamins  1^  and  G 
were  sui)plied  from  feces  in  sufficient  amount    to  produce  satis- 
factory growth.     We  are  unable  to  explain  the  method  or  mech- 
anism* bv  which  vitamins  1^  and  i\  are  synthesized.      It  is  possible 
that  feces  contain  a  sul)stance  or  substances  which  encourage  the 
growth  of  bacteria  in  the  intestine.     41iis  has  been  suggested  by 
Roscoe  (24).      Kennedy  ami  Palmer  (IS)  l)elieve  that  the  stimu- 
Intorv  effect  induced  by  c(»prophagy  is  due  to  the  presence  of  an 
unknown  vitamin  or  substance  which  stimulates  growth  of  the 
rat.     Roscoe  states  that  sterilizatiim  of  feces  did  not  destroy  Ww 
growth-i)romoting  properties.      If  this  is  true  it  would  appear  that 
growth  stimulati(m  cannot  be  due  to  reinfection.     Since  all  exislmg 
data  indicate  that  body  storage  of  the  vitamin  H  complex  is  (piite 
limited,  we  are  forced  to  conclude  that    the  beneficial  effect   of 
coprophagv  is  not  due  solely  to  the  excretion  of  the  original  bodv 


stores  of  vitamins  B  and  G  as  was  indicated  in  a  previous  publica- 
iion  from  this  laboratory  dS). 

The  responses  obtaineil  in  Grouj)s  ',]  and  4  indicate  (juite  cl(>arly 
tljal  boMi  \itaniins  are  s\nt  hc<ize(l  in  the  bo(ly.  44ns  i>  Ixtrne 
(Mit  \>\  ihe  fact  that  good  growth  was  obtained  when  U'C('<  from 
>/i!  (!iini  P>-  and  G-d(4i(a(Mit  animal^  were  u>ed  to  >ui)i)lenient 
\  j;  iiiiin  \\-  and  (  l-d(41(aciit  (h»'i<.  <  hi r  data  -eeni  to  iiKhcatc  i  liaL 
•!i(-  relative  (juantilies  of  these  vitannns  (dinunated  in  tVces  are 
apj)roxiniately  ecjual  and  that  the  amount  eliminated  is  independ- 
rnt  of  the  limiting  factor  in  the  diet.  A  number  of  ol)servations 
!iav(^  been  made  which  slunv  that  animals  receiving  the  basal  diet 
without    supplement,  eliminate  feces  which  are  potent   in  l)oth 

tractors. 

Four  male  rats  (Rats  6479,  0480,  64S1,  ami  ()4S2),  all  from  the 
-ame  litter,  were  placed  in  the  usual  type  of  cages  and  were  fed 
the  basal  diet.  44ie  records  of  their  dietary  regime  and  responses 
:tre  recorded  here,  since  they  are  not  included  in  4'ables  I  and  II 
ajid  (liarts  1  and  2. 

Pvat  0479  weighed  45  gm.  when  placed  on  the  basal  diet  and 
reached  its  maximum  weight  of  (>4  gm.  by  the  14th  day.  I'^rom 
this  })oint  the  weight  of  the  animal  gradually  decreased,  with 
-vmptoms  of  beriberi  appearing  on  the  :^r)th  day  and  death  occur- 
liiig  on  the  4i3rd  day. 

liat  G4SI)  weighed  i2  gm.  when  }ilaced  on  the  basal  diet  and 
uained  10  gm.  during  the  first  14  days.  On  the  2Sth  day  it  niani- 
ie>ted  symi)toms  of  beriberi  and  was  given  daily,  during  the  ne\t 
1  1  days,  its  own  feces  eliminated  during  the  previous  24  hours. 
\\<  weight  increased  from  4S  to  ()7  gm.  during  this  time.  41ie 
ir('v<  feeding  was  discontinued  during  tlie  following  14  days  and 
liie  weight  of  the  animal  decreascnl  to  .lO  gm.,  without  any  appar- 
( lit  symptoms  of  beriberi  being  observed.  44ie  feces  were  again 
led  for  14  days,  as  })reviously  indicatinl,  and  the  weight  increased 
'">^.")gm. 

Hat  ()4S1  weighed  4:^  gm.  wduMi  })laced  on  the  l>asal  di(M  and 
■  itained  a  weight  of  52  gm.  by  the  14th  day,  at  which  time  tln^ 
Aeitrlit  began  to  decline.  On  the  29th  day  th(^  animal  weighcnl  4<) 
uiii.  and  showed  marked  symptoms  of  beriberi.  It  was  given  its 
e.wn  f(H'es  for  14  days.  During  this  time  the  paralytic  symptoms 
'ii^appeared  and  the  weight  increased  to  77  gm.     41ie  feces  fe(Mling 
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was  cl.scontinuea  from  this  point  and  body  weight  decreased 
.rach.allv  until  death  n'sulted  on  the  77t!,  day.  At  th,s  tn«e  the 
annual   weighed    10  g.n.  an,l  had  rnanUesU'd  shght   syniptom.  <n 

'"'h.!m;Is2  NV(aislH.l  10  ti.n.  wlaM,  plaee.l  ,.n  the  basal  diet  an,! 
,„,,,,,,  .,.„,  i,„Teasedunns:ll.efirsl  11  days  on  tins  ,hel .  I  ara- 
Iv.ie  >vn,pH,n,s  were  noted  on  .he  -S,h  day,  a,  whieh  Un,e  .h-' 
ani.nal  was  fe.l  its  own  feces  for  the  next  14  <lays.  Dunng  the 
14  davs  in  which  the  feces  supplement  was  ted,  the  paralytic 

,,...j  ,,^.1  hn^h-  ^voMrht  inoroasod  from  42  to  o/ 
e„,      The  feces  supplement  was  then  omitted  from  the  d.et  and 
the  weight  of  the  animal  decreased  sra.lually  until  the  6oth  day 
when  death  occurred.     At  the  time  of  death  the  animal  we.she.l 

^*'''m,'s  as  a  result  of  receiving  its  own  feces  as  a  supplement 
,„  a  vitmnin  1^  complex-.leficient  diet,  each  of  three  animals  showed 
a  definite  increase  in  weight  and  a  markeil  in.provement  m  physi- 
cal condition,  while  their  litter  mate,  which  did  not  receive  the 
supplement,  grew  gradually  weaker  and  die.l  at  an  earlier  date 

While  our  stu<lies  <lo  not  answer  the  (,uestion  as  to  the  im(  i 
•uiisni  of  growth  stinuihition  in  copn.phagous  rats,  they  seem  to 
shciw  tht.tstu.lies  inv.,lving  the  assay  ..f  f..o.ls  f.>r  vitamins  15  an. 
O  can  be  vitiate.l  bv  the  intro.luetion  ..f  ad(>quate  amounts  ol 
these  vitamins  if  cpn.phagy  is  permit te.l.     Copr.^phagy  can  be 
„.,luee.l  to  a  mininiuiu  if  screens  with  large  meshes  are  us     . 
Aceurat..  experiments  inv.,lving  assays  f,>r  vitamins  H  ami  f  >  m. 
necessitate  a  seri.-s  of  screens  .,f  .lifferent   siz,-.l  meshes  t.. 
,,„„g..l  from  time  to  time  as  the  animals  increas.^  in  ^^^  J"^^ 
,,,„,s,„.n  of  cprophagv  still  nanains  a  seri.ius  pn.bl.Mn  an     nu    .^ 
contin.KMl  studv.     We  hope  t..  contmu,.  the  st.i.ly  with  the  vie. 
„f  ,nv,.<tigating  the  baeteri.dogical  phases  ..f  the  pn.blem. 

sr.MMAin 
,     \  ,,uanti.ativ,:  stu.ly    is   ,l..senb,.,l   in  whi-'h  rats  w,.re  fed 
,,i,.,s  .letiei.Mit    in  vitamins  B  and  C,  r,>sp,.ctiv,.ly.      -•;-  f';';;; 
,l„.s,.  rats  wer,.  f.-l  t..  oth..'  rats  as  su,.pleii.ents  to  .li.'ls  whi.h 
wer.' also  .l.-tiei.Mit  in  th.'se  vitamins.  ..„ii,„; 

•>    Hat<  wlu.'h  ■■••.•.av.Ml  .liets  .leficient  in  vitamins  BorClmn- 
nat.Ml  fe.vs  whieh  we,v  p..tent   sour.rs  ..f  th.-.se  vitamins. 
'  •!    -n».  pot..n.-v  of  th.'  f.'.Ts  eliminal.-.l  by  vitamui  h-  an.l  vita- 
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mill  G-(leficient  rats  showed  no  tendency  to  become  less  potent  Jis 
ihc  experiments  progressed. 

}.  The  ninouiit.^  of  vitamins  I^  and  (\  found  in  feres  seem  to  he 
ahuit  ecjual  and  do  not  seem  to  depend  on  tin*  diet  of  the  aiiimah 

.").  No  satisfa('t(»ry  exphmation  can  l)e  furni.^hed  at  the  {)res('nt 
mill'  re^ar(Hng  th('  mechanism  wherel)\'  th(\^e  vitamin^  are 
s\  III  hesizcd. 

(■).  The  danger  of  copropliagy,  as  it  alTects  the  accuracy  of 
assays  of  vitamins  B  and  G,  is  discussed. 
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w 


•  MMi  2,800  to  ;J,100  A.  is  verv  effectiv 
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e  in  i)roducing  anti-rachitic  potency, 

ess  than  2,800  A.  is  destructive  to  vitamin 


A,  causes  protein  coagulation  and  })roduces  a  bad  odor  and  taste  in  the  milk. 
The  ai)paratus  in  which  the  milk  is  irradiated  is  essentiall 
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The  carbon  arc  is  in  the  center  of  this  cvlinder  and   the  milk  flows  d 
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inside  of  the  cylinder  in  a  thin  film  in  such  a 
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.■i\(' 
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^inal  milk.     They  also  i-ejiort   bacteriological  studies  showing  a  decided 
ii'tion  in  the  bacterial  count  after  irradiation. 
In  the  i)resent  j)aper  a  liiochemical  studv  of  milk  and  butter  from  milk 
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SIdti    <  'oil.'  ;/i  ,   I''  mill. 

liccently  O'BritMi,  Davis  and  Arnistron^'^  have  (Icst-ribccl  a  method  for 
irradiatin*^'  milk  with  ultravioh't  li^ht.  Their  source  of  lioht  is  an  are  from 
(•ari)on  (deetrodes  of  s])eeial  eom])()sition  and  lias  an  enei'<iy  emission,  in  tlie 
wave  h'li^th  rej^iion  from  l2.(S()()  to  .'J, 100  Angstrom  units,  l.LMH)  times  tliat 
(if  i)ri<j'ht  sunli'dit.  There  is  xcvv  litth'  enerji'v  emitted  at  wave  h^n<i"ths 
shorter  llian  2. MOO  A.  They  ])()int  out  that  radiation  of  wave  leng'ths  be- 
iwccn  2,S00  to  ;L100  A.  is  very  (dfeetive  in  })roduein<4'  anti-raeliitie  j)oteney, 
while  radiation  of  wave  len^'ths  less  than  2,800  A.  is  destructive  to  vitamin 
A,  causes  j)rotein  coagulation  and  ])r()duces  a  bad  odor  and  taste  in  the  milk. 
The  a!)i)aratus  in  which  the  milk  is  irradiated  is  essentially  a  ^dass  cylinch'i-. 
The  carbon  arc  is  in  the  center  of  this  cvlinder  and   the  milk  liows  down 

« 

!ht'  inside  of  the  cvlinder  in  a  thin  film  in  such  a  wav  that  each  t)article  of 
iiiiik  receives  a  uniform  dosa<!'e  of  li^'ht.  Feedin<'"  experiments  which  they 
'i;i\('  conducted  show  that  the  vitamin  I)  })otency  of  irratiated  milk  is  in- 
'  leased  10  times,  while  the  vitamin  A  j)otency  is  (Sfi  pei'  cent,  of  that  in  the 
Liinal  milk.  They  also  rej)oi-t  bactei-iolo^ical  studies  showing  a  decided 
inluction  in  the  bact(M-ial  count  after  irradiation. 

In  the  ])i'.'sent  ])ai)er  a  biochemical  study  of  nulk  and  butt(M-  from  milk 

f.idiated  by  the  above  j)roc(^ss  is  i-ej)oi'ted.     Sincc^  it  was  anticipated  that 

rtects  of  ii'radiation  would  be  slight,  the  milk  used  in  the  following  woi'k 

Is  uiven   a   much   longer   exposui'e  to   ultraviolet   light   than    is   the   usual 

■  M'tice.     This  was  accomplished  by  j)assing  it  thru  tlu^  ii'i-adiating  process 

'Liiit  times.      In  this  way  it  was  hoped  that  any  effects  of  ultraviolet  light 


M|-l 


'lll( 


I        1 


)e   "ii-eatlv   exa^'ire rated    and    theret'ort^   more   easilv   detected    bv   tlie 


•lliods  emj)loye(l.     The  samph\s  of  certified  milk  were  ii'radiated  at  a  plant 
lied  near  Erie,  Pennsylvania.     Tniform  sam))l(vs  of  iri'adiated  and  noTi- 
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I'adiated    milk    wei-e    cooled,    i)laced    in    thermos    bottles    and    shipped    t 
'II"   laboratorv  at    State   Colh^u'c,   ari-iving   the   following  moi-ning   in   good 


It  ion. 
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The  object  of  this  |)liase  of  the  work  was  to  detei-mine  what  changes  in 

'inical   com|)osition.   if  any.  tak(^   place  during   irradiation.      Several   s(>ts 

Rccoivcd  for  |)u})li(';it i(»n  ^tnrcli  11,  19.'5'JI. 

MVRri(ni,    15.,    Davis,    .\.    (I.,    ;nul     .\ri!ist roiiji;,    K.    L.      ("onibincd    liaclcricidril    and 

a(liiti('  effects  induced  in  milk  bv  cail)oii  arc  irradiation.     Penna.  Med.  Jour.     Ai)ril, 
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Showiii;/  'II'    .1  i!'i!  i/.-s^s  iif  r,  Il  1 1  >  r  l-'(it  jui  jxirril  frnm   .l/'//;  In  fur'    ann  dfl,  r  I  rriu!  at  I  •<))'. 


l;iM-'il;K 
I  i:i;  \i  M  \  i  h  iN 

1  i;!c  \|ii.\  1  h  i\ 

Refractive  Indrv  -if    }(r  C 

Acii'l    Xiniiliii-                      

1.1. "-.1 

22t.r, 

4. SI 
28.94 
1.51 
37.(3 

Negative 
20  hrs. 
10  hrs. 

1.4551 

0  'h; 

'~!:i I K 111 i lic;i  1  in!i    N luii ! mt    

2-'.'  4 

\(rt\i    Xuinber                 

4  f)9 

liciclicrt-Meissl   Xiiiiiber   

'^9  (;4 

1  '(ilcnskc  is  ui)il)C'r             

]  89 

Indiiic  Number       

38.3 
Negative 
17  hrs 

K first    Test   

Induction  Period  for  Oxidation      

induct  ioii  I'criod  after  0  months  storage  

8  hrs 

O 

■piiiu'  ({ualities.  .superior  to  that  of  fat  obtained  from  hi^'li  (piality  ercain- 
l)ntt('r  wliieli  <.;a\'e  an  induction  jx'riod  I'or  oxidation  of  11  iiour.s.     In 
'ider  to  study  tlie  eH'cL't  of  irradiation  on  the  kee])in<'-  ([uality  of  butter  fat 
niij)les  were  stored  in  a  refri^'erator  foi-  six  months  and  the  induetion 
1  foi"  o\i(hition  determined  aiz'ain.     Jt  \\ill  be  noticed  that  the  induction 
liod  in  l)otii  cases  has  been  reduced  ai)out  onedialf.     \\\  other  words  the 


i-Y\- 


\\\r    ^ 


M'l    Mil 


;  1 1  o  ( t 


f  (h'terioration  is  about  the  same  in  both  ca 


ses. 


ii'iii 


III  considerinu'  the  I'at  constants  it  will  ])e  noticed  that  tlie  clianires  after 
nliation  are  slij^'ht.  In  every  case  except  the  iodine  nundjer  the  results 
I  themselvt's  to  the  inter[)retat ion  that  sli^iit  oxicbition  has  occurre(b  4die 
l'i'-ii<'r  acid,  saponification.  Ivcichert-.MeissI  and  l*olenske  number^  of  tlie 
in  hliated  sample,  indicate  ;i  possil)|e  cleava^'e  of  lon^"  chain  into  short  chain 
t.i'l\'  acids.  The  lower  acelvl  iiumlxM-  of  the  irradiated  sample  sun'i^'csts  the 
"'  'iiilion  of  hydroxyl  i:-roui)s.  Since  it  is  ^(Mierally  thought  that  oxidation 
I'lixCs  i)lace  at  the  (b)id)le  bonds,  one  would  expect  a  lower  iodine  number 
""!•  irradiation,  '^riiis  is  not  the  case.  The  liiu'lier  iodine  number  after 
iiiadiatioii  aijfi'ees  well  with  the  shorter  induction  ])eriod  of  this  sam])le 
-^iMOe  unsatui'ated  fats  are  known  to  liave  a  shorter  induction  j)eriod  than 
irated  fats.  It  is  j)ossible  tliat  irradiation  shortens  the  induction  ))ei"iod 
^  to  tli(^  introduction  of  (h)ubh^  l)onds  in  the  moh-cuh*  winch  is  possibly  a 
'iminary  slau'c  in  the  oxidation  of  a  fat.  Since  such  sli^'lit  chaniies  wer(^ 
md  in  fal  exposed  to  such  excessive  doses  of  ulti'aviolet  liii'ht.  one  can 
icliide  that  the  usual  dose  would  have  an  insi'jnificant  elfect  on  the  fat  of 


((17 


En:]i))}f  Shulics  witJi  Prpsi 
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file  object  of  this  pliase  of  the  woi'k  was  to  detfU'inine  what  <'tTect  irradi- 
II  has  on  the  i-ate  of  di^'estion  of  tlie  ])i'oteins  of  milk  by  jx'psin.  TIh^ 
li'MJ  used  was  as  follows:  10  cc.  of  milk  wei'e  })laced  in  a  b(\'ik(n'  t(»,ueth(M' 
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will,   :,()  .M'.  of  Nvat.M-  and   T,  rr.  of   1.0  |)«'r  rent   (M..iinienMal    pc})^".   solution 
This  Nva>  tii.Mi  titratrd   wit!,  ^lan<ia^!   IK'l  soinlmn  \n  a   pll  ol'  !>.()  al  'J..'  (\ 
usin-    111.'   MuinliN.lron."   clrcl  n.dc      This   tilralion    ^^a^    nia.l.'    tnr    Im.iIi    lli. 
,n-a.lial.'.l  n.ilk  and  llx"  r..ntn>l  o!   n.ni-irradiatrd  milk.     Nrxt   10  rr.  p.MMion^ 
,!■  ,,,,-h  n.dk  v.rvr  placed  m  small   Krlmnn-ycr  flasks  K.Livili.T  will,  :)0  rr.  .,; 
wat.M-.      The    pivdcKM-nun.'d    anioiuit    ol'    standard    IK'l    solution    was   tli.-n 
added  to  eacdi  flask  to  brin-  each  solution  to  a  pll  of  2.0  after  tlie  addition, 
of   {)ej)s!!!.     T\\<^<(^  i^^A^^<<<  were  tluMi   i)laeed   in  an   ineuhator  at   :iS''   (\   and 
allowed  to  remain  there  until   they  had  reaehed  a  temperature  of  :i8"   ('. 
Then  5  ee.  of  a  1.0  per  eent  eommereial  pepsin  solution,  which  had  a  tem- 
})erature  of  ;W°  (\,  were  added  to  each  flask.     The  flasks  were  kept  at  38°  i\ 
throu-liout  the  experiimuit.     At  intervals  two  flasks  of  irradiated  and  of 
non-in-adiated  milk  were  renH)ved  and  treated  as  follows:  the  samples  were 
transferred    to    200    ee.    volumetrie    flasks    aiul    suftieient    standard    XaOlI 
solution  achled  to  neutralize  the  added  IKM  solution  a.id  suflieient  exeess  t.i 
make  14  oe.  of  X    10  XaOlI  in  eaeh  flask.     Then  4  ee.  of  Fehlin-'s  CuSO, 
solution   were  added   to  eaeh   fla.sk  and   the  solutions  made   u\)  to   volumr. 
After  a  thorou-h  inixin<i'  the  solutions  were  filtered  and  100  ee.  ])ortions  of 
raeh  filtrate  were  analyzed  for  idtro-en  by  the  Kjeldahl  method.     The  rr- 
sults  indicate  the  amount  of  non-protein  nitrogen  present  and  are  a  measur.' 
of  the  amouid  of  di<i-estion  taking'  i)la(.'e. 
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Fig.  1.     SuowiNc  Mii.i.uai.x.Ms  of  Non  i-kotkin  Nitko(;kn  in  K)  cr.  of  Mh.k  Di'rin*; 

Dkikstiox  hy  Pf.j'sin  at  pII  'J.O. 
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The  above  exi)eriment  was  run  several  times  and  a  typical  set  of  results 
is  gi\«Mi  in  V\)X.  1.     Ivicli  value  is  an  avci-au'e  of  duplicale  determinations. 

it  sliould  be  Jioted  that  at  the  heuinniim'  of  th«'  exj)eriment  there  was  0..') 
iiigni.  more  of  non-{)rotein  niti'oiieii  in  the  non-ii"rad  iated  sample  than  in  the 
irradiated  sample.  Hence,  one  should  add  O.o  niLiin.  to  eaeh  of  llie  \alues  in 
he  cur\t'  for  irradiated  milk  when  comparing  the  two  cur\es.  If  this  were 
done  the  irradiated  sample  would  show  a  greater  amount  of  non-protein 
idti-ogen  at  each  period  of  analysis  except  the  16-hour  pcudod.  Although  the 
ditfei-ences  are  not  g-reat,  it  ai)pears  that  irradiation  does  not  retard  the 
digestion  of  milk  proteins  by  ])epsin  but  accelerates  it  slightly,  especially 
during  the  early  stages  of  digestion.  Since  the  irradiated  sample  was  given 
a  heavy  dose  of  ultraviolet  light  in  this  experiment  as  in  the  other  experi- 
ments, it  is  verv  likelv  that  normal  iri-adiation  bv  the  ])i"()cess  described  has 
liltle  effect  on  the  digestibility  of  milk  proteins  by  pepsin  at  a  pII  of  2.0. 

E HZ]) tnr  Studies  with  Trypsin 
This  phase  of  the  work  was  very  similar  to  that  of  the  work  with  pepsin. 
The  i)rocednre  differed  in  that  the  sami)les  were  brought  to  a  pll  of  8.1 
with  standai-d  XaOlI  solution  and  at  the  end  of  digestion  periods  sufflcient 
.\aOlI  solution  was  added  to  make  the  total  addcnl  e(piivaleiit  to  14  cc.  of 
.\  10  XaOH.  The  trypsin  used  was  a  commercial  preparation  and  5  cc.  of  a 
I'  -  i)er  cent  solution  were  used  in  each  flask. 
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S.-viM';il  cxp.M-iitKMii^  Av.'!-c  i-i!ii  witli  li'vp^iti.  Dm'  iM^snlts  of  a  typical  cx- 

luTini.-iit    l.-iii'r  -iv.Mi    iM    1-'il:.   l".      Tli-   ivmiIn  asv  av-ra-v.  cf  ilii!)lical  .•  dr 

teniii  iiali'>!i. 

T!p'  iv-,!ilN  (»!'  ill''   wori;   wilii   tr\-p>!ii  an'  \ri'y   ■similar  1n  tliat    witli   ]>t'p 
.111.     TIk-  n-ra.liahMl  sample'  <ri-c>t>  iiior"  rapl«il\    liunii-   tiif  rai-lx-  s1a-v^  (.! 
({i-(">ti()ii   but   liiially   after  4  lioiirs  the   non-irradiated   sample  suri)asses  it. 
Here  a-'ain  it  should  he  said  that  ^vith  normal   irradiation  hy  the  method 
a ;i>^..  +i,o  /iW'(',.,.,Mw.<.v.-  -(xrnilrl  n )id nn})t f>d  1 V  he  verv  sliiiht  if  deteetahle  at 

all. 

In  explaining'  the  more  rai)id  di-estion  of  th(>  proteins  of  irradiated 
milk  than  of  non-irradiated  milk  by  ])ei)sin  and  tryi)sin  durin<i^  the  early 
sta-'es  of  di-estion.  ns(>  may  be  made  of  the  work  of  Wallen-Lawrenee  and 
Koch-  who  have  demonstrated  that  boiled  milk  dij-ests  more  rapidly  than 
unboiled  milk  due  to  the  destruetion  of  anti-enzymes  by  boilin«i'.  It  is  i)Os- 
sible  that  irradiation  destroys  or  partially  destroys  tin'  anti-enzymes  in 
milk  thus  niakino-  irradiated  milk  more  easily  di<i'ested  than  milk  not  so 
treated. 

Sr.MMAK'V    AND    CONCUSIOX 

A  bioehemieal  study  has  been  made  of  milk  and  butter  fi-om  milk  treated 
with  a  heavy  dose  of  ulti-aviolet  li<:iit.  (^)ntrols  of  non-in-adiated  milk  and 
butter  were  also  run.  There  is  very  little  ehan<:e  in  the  eomi)osition  ol 
milk  due  to  irradiation.  r»utter  from  irradiated  milk  has  a  shorter  indue 
tion  i)eriod  for  oxidation  than  that  from  non-irradiated  milk.  The  variation 
in  fat  constants  is  sli,iiht.  Di^vstion  studies  in  vitro  with  ])epsin  and  ti-y])siii 
indicate  a  sli^'ht  si)eedin-  u])  of  di<ivstion  during'  the  early  staji'cs  of  tlf 
])rocess.  This  may  be  due  to  a  destruction  of  anti-enzymes  ])y  ultravioh" 
irradiation.  Normal  irradiation  by  the  method  deseribed  would  likely  ])re 
(luce  no  detectable  chan^ze  in  the  c(»mposition  oi-  dijivstibility  of  milk. 
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\  Colorirnetric  Method 

for  the  Determination 

of  Tartaric  Acid 

Arthur  K.  Anderson,  Alvin  H.  Rouse,  and 
Theodore  V.  Letonoff 

Department  of  Agricultural  and  Biological  Chemistry, 
The  Pennsylvania  State  College,  State  College,  Pa. 

IN  ATTEMPTING  to  develop  a  colorirnetric  method 
for  the  determination  of  tartaric  acid  or  tartrates, 
various  color  reactions  of  tartaric  acid  were  investi- 
gated. The  only  one  which  showed  promise  of  being  appli- 
cable is  that  first  described  by  Fenton  {2,  8).  In  this  test 
a  violet  color  is  produced  when  a  tartrate  is  treated  with 
ferrous  sulfate,  hydrogen  peroxide,  and  sodium  hydroxide. 
This  color  reaction  appears  to  be  specific  for  tartaric  acid. 
Fenton  found  that  citric,  succinic,  malic,  and  oxalic  acids 
and  sugar  do  not  give  the  test,  and  these  observations  have 
been  confirmed  by  the  authors. 

In  the  following  report  a  method  is  described  whereby 
I'enton's  color  reaction  for  tartaric  acid  is  made  the  basis 
of  a  quantitative  colorirnetric  method  for  its  determination. 
It  has  been  found  to  give  good  results  on  solutions  of  pure 
tartaric  acid,  on  tartrate  baking  powders,  and  on  tartrate 
baking  powders  in  the  ])resence  of  aluminum. 

Preparation  of  Reagents 

Onk  Pkr  Cent  Fekuous  Sulfate.  Di.^solve  1  {^ram  of 
forroii.s  sulfate  in  SO  cc.  of  water,  heatirm  irently  and  -tirrinu  to 
aid  sohitioii.  Cool,  tran.'^fer  to  a  lOO-ce.  volumetric  fla.^k.  and 
make  up  to  volume.  ^ 

Hydrogen    Peroxide.     I'se   a   crood   trrado   of   commercial   ■■> 

per  cent  hvdroy;en  peroxide 

Normal  Sodium  Hydroxide  Trc^parc  an  exactly  norm;il 
solution  of  sodium  hvdroxide. 

Tartaric  Auid  Standard  Solution.  'rran>ler  Hi  trrams  ot 
dry  ^i-tartaric  acid  to  a  l()(»-cc.  volumetric  flask,  dissolve  in 
water,  and  make  up  to  volume. 

\\()RK1N(;  Tartark^  .\('ID  Standaiu)  SoLUTio.w  1  lans  or 
Fi  cr.  of  tlie  tartaric  acid  standard  solution  to  a  l(M)-cc.  volu- 
metric flask.  a<id  10. Of)  cc.  of  normal  sodium  hydroxide  solution^ 
an.l  make  up  to  volume.  This  solutiori  contMins  O.sO  ^nvam  ot 
tnrtMric  acid  per  100  cc.  and  has  a  pH  of  t;.2. 

(1) 


Analytical  1'kocedure  for  the  Analysis  of  a 
Tartrate  I^aking  Powder 

Transf(>r  to  a  small  beaker  a  2-<i;rain  sample  of  baking 
[H)\v(|(T.  Add  wiitor,  drop  by  drop,  until  carbon  dioxide 
coaxs  to  l.e  .^vnlvcd.  Next  add  lo  vr.  of  water  and  stir 
tlinrnu^lily  to  di»olve  the  t;irtrat(>s  pn-en.t.  To  remove 
tiif  -la'^rch,  filter  mtn  :i  IOH-ih'.  xolumetric  fla-k  and  wash 
liir  rrMdue  tliree  time-  with  1  o  <■<•.  o!  water  at  each  wa>h- 
m^.  Make  up  to  voIumm'  with  water.  This  solution  should 
iKU-e  a  pli  of  approximately  0.2.  If  the  pil  varies  from  0.2 
by  more  than  ^0.5,  another  sample  should  be  prepared 
and  the  pH  adjusted  before  making  up  to  volume.  The 
pll  of  the  solution  may  be  determined  colorimetricaiiy, 
using  chlorophenol  red  as  an  indicator.  As  a  rule  tartrate 
baking  powders  reciuire  no  adjustment. 

Transfer  10  ce.  of  the  above  solution  to  a  2r)-ec.  volumetric 
flask.  Add  0.2  cc.  of  1  per  cent  ferrous  sulfate  solution  and 
0.2  cc.  of  hydrogen  peroxide  and  mix  thoroughly.  Upon 
the  addition'  of  hydrogen  jieroxide  the  solution  will  turn 
yellow.  Allow  the  solution  to  stand  until  it  l)ecomes  brown- 
ish in  color  and  then  place  it  in  an  ice  bath  until  the  brown 
color  disappears  and  the  color  becomes  definitely  lavender. 
Add  innnediately  o  cc.  of  normal  sodium  hydroxide  solu- 
tion. Stopi)er  the  fiask,  mix  by  inversion  twice,  and  place 
the  flask  in  the  ice  bath  for  ten  minutes.  At  the  end  of  this 
time  remove  the  flask  from  the  ice  bath,  mix  by  inversion 
twice,  and  com|)are  in  a  cr)lorimeter  with  a  standard  })repared 
.^inuiltaneously.  For  the  standard,  10  cc.  of  the  working 
tartaric  acid  standard  solution  containing  O.OS  gram  of  tar- 
t:iric  acid  are  u-ed.  The  results  may  be  calculated  from  the 
following  formula: 

lU^admtM^Lli^^^  =  %  tartaric  acid 

Kc.dirii:  ot  unknown   >:  wt.  ot  sample 

In  Table  1  art>  given  the  analy.-es  of  two  samples  of  tar- 
trate l);ikin;i  powder  for  total  tartaric  acid  by  the  colorimet- 
nr  iiictliod  and  by  the  ollicial  method  (/)  of  the  A.^socia- 
tif.M  of  <  Mlirial  .\urieultural  tMiemi^ts.  It  will  be  noted  that 
til,.  (•(.l(,riiMetrir  iMeth(.d  m  both  ca>es  gives  slightly  higher 
re.Milt-  than  tiie  .\ .  O.  .\.  ( ".  method.  The  lower  results  in 
the  .\.  <).  .\.  ('.  nietliwd  may  be  due  to  incomplete  precipita- 
tion of  pota>.Muni  acid  tartrate  or  its  slight  solubility  in  the 
alcohol   which   is   u^e(l   in   washing  the   precipitate. 

In  order  to  check  further  the  reliability  of  the  colorimetric 
method,  sam[)les  of  baking  i)owder  were  prepared  containing 
known  amounts  of  tartaric  acid.  In  Table  II  results  of  analy- 
!>es  of  these  s;imi)les  by  the  colorimetric  method  are  given. 

It  was  suggested  to  the  authors  that  the  colorimetric 
methr,d  would  be  especially  valuable  in  the  analysis  of  bak- 
ing i)owders  if  it  gave  accurate  results  in  the  presence  of  alumi- 
num. To  test  the  method  in  the  i)resence  of  aluminum,  5 
grams  of  A1K(.S()4)2.12II:0  were  mixed  with  95  grams  of 
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baking  powder  whose  tartaric  acid  content  was  known. 
By  calculation  the  mixture  contained  38.24  per  cent  of  tar- 
taric acid.  The  results  of  five  analyses  by  the  colorimetric 
method  gave  values  ranging  from  ^i8.09  to  38.40  per  cent, 
with  an  av(Tage  \alue  of  3S  ,'^1  per  cent.  It  is  evident  that 
the  j)rf'v(.iic(;  of  ahiniunuii  does  not,  int(  rfci'e  with  tlie  colorimet- 
ric deterniin;ttion  of  tartaric  acid  in  a  tartrate  baking  pow(l<'r. 

'I'xniK  1.      A\.\i.^ -IS  ( »!•  'l\\irrit  A  I  a;  P).-\kin(;  1'ow!)i;k.- m>h  I'o  i  .m, 
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As  a  matter  of  interest  the  apj)licatioii  of  the  colorimetric 
method  to  the  determination  of  other  f(»rm.^  of  tartaric  acid 
was  <tudie(l.  IVinLi;  (/-tartaric  acid  as  a  >tandar(i,  it  was 
found  that  /-tartaric  acid,  /-ammonium  tartrate,  and  ///*>•</- 
t;i!'taric  acid  produce  a  color  e(iui\alent  to  that  of  the  >tand- 
■ii'd.  W'itli  racemic  a(a(l  the  color  iiiten-it\-  wa-  approxi- 
mately one-half  that  of  the  -tandai'd. 

Till,-  reaction  oi  lacemic  acid  wa.-  -in  pi'i.-ing.  It  was 
'lioimht  (hat  ](o--ibly  thii'e  miglit  i  le  .-onie  union  ol  the  '/- 
;ind  /-forms  in  racemic  a(Md  whii-li  wa>  cau.-mg  an  inter- 
ference in  the  reaction,  but  nioleculai"  wciiiht  deternnnations 
i  ly  the  free/ing-point  metho(l  indicate-  no  >uch  union.  \\  ith 
regard  to  the  purity  of  the  racemic  acid  u>ed  (obtained  from 
the  I>astman  Kodak  Comi)any)  it  may  be  .-aid  that  it  was 
optically  inactive  and  that  it  re(juire<l  the  theoretical  amoimt 
of  sodium  hydroxide  for  neutralization.  The  melting  point 
wa,-.  202"  C;.,  whereas  the  accepted  \alue  is  20:)  2(10'  (', 
.\  mechanical  mixture  of  (aiual  part,-  of  <\-  and  /-tartaric 
acids  did  not  react  like  racemic  acid  but  gave  the  proper 
color  intensity.  Tw(j  dilTerent  samples  of  racemic  acid  were 
analyzed  with  identical  results.  Xo  satisfactory  ex])lana- 
tion  can  be  made  for  this  behavior  of  racemic  acid.     Hacemic 
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n.id  crystallizes  with  one  molecule  ...f  water  of  crystalliza- 
do^  vl  ile  "  and  (-tartaric  acids  crystallize  i.,  tl,e  anhydrous 
t,o,.,wlnlttf  a  difference    between    the 

form.      1  ni>    ini<i;iii    .  uj^^^  >  ^  in.,/    ..nrl  /-forin^ 

chcnicnl  pr. r.,es  of  racenuc  ae.l  am    th      /-  .  n     M' 

,„    |,,,,^,,„,   ,„,i,|.     .\;r,s»-tartaric  a.-icl   al-^o   rt^.t.Mw.,.    -uiu 

and  ;-fnr,ns.      Hence  .t  ai-i-ars  that  I  he  «ate.  ol  c,j>tall./.a 
ti,.,i  i-  nul  a  factor  in  cilcr  |,n..lurli..n 

With  rei.ar<l  to  the-  use  of  tlu>  nietiH.d,  the  MUtl,or^  leel    ha 
eerai,  on      should  he  etn.thasized.     The  pU  of  the  standard 
and        the  unknown  should  be  apt)roxintately  the  satne  a 
about  (i"      The  sample  taken  should  be  of  such  a  size  that 

^:t^y  their.  "Z^mom;;  ;,?  f;;;o;;;ulfate  usedVhould 
r  S.S  0.2  cc.  The  sodiunt  ''y^-^d^  -'".^™ _^  -  ;^ 
be  added  as  soon  as  the  lavender  color  appears.  The  methoa 
il  not  applicable  i,>  the  presence  of  calcutn  or  phosphates. 
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THE  CARBON  METABOLISM  OF  FUSARIUM  OXYSPORUM 

ON  GLUCOSE  ' 

[A.     \urin-K    K.    AxDKusox,   Phi/slological  Chemhi;    Edward    L.    Everitt    and 
l'iiiLii»  L^.  Adams.  Fennsi/lrania  Agrindturnl  Ex pernncntdl  Station 

INTRODUCTION 

\  Ne-iy  important  i)lia^('  of  rcsoarcli  in  |)laiit  patholoiry  is  that  which 
,l,.,i-  with  the  !)hvsioh)^acal  ivhitioiiships  (\\istin<j:  h«Mw(MMi  the 
iaii^ntivc  oi-Lranism  and  the  host.  Any  information  on  the  hioeliem- 
i-iiv  of  the  eatisalive  or<.^aiiisni  shouhl  prove  of  vahie  m  stndyiu^^  the 
phvsiohx'-y  of  a  phmt  disease.  It  is  very  i)robable  that  some  metabolic 
j),o(hi('t  of  the  or^^-anism  is  the  important  factor  prodticiiii^  the  symp- 

loins   Ol    me    Ul:r><.ti:3i    111    LiiL    iJictiJc. 

REVIEW  OF  LITERATURE 

In  the  past  considei'able  work  has  been  done  on  the  biochemistry  of 
Vn.annm  liiti  Bollev,  the  or<,^anism  causino;  fhtx  wdt.  In  1920 
Tochinai  {0,  10,  llf  reported  a  rather  complete  study  of  the  food 
iv(Miireiuents  of  this  organism.  In  1924  Anderson  (i  )  repeated  inuch 
of  the  work  of  Tochinai  and  also  studied  the  products  oi  metabolism 
of  this  or<^anisni  on  glucose  and  xylose  media.  He  found  that  the 
onrniiism  prodticed  a  rather  typical  alcoholic  fermentation  cm  glucose. 
Vbout  90  i)er  cent  of  the  orginal  carbon  could  be  accounted  for  in  the 
|)i(„hict>  of  metabolism  studied.  In  the  case  of  xylose  about  <^0  per 
cent  (.f  the  ori<^inal  carbon  could  be  accounted  for  m  the  ethyl  alcoho  , 
,ini)..n  (hoxide,  and  mycelium  produced.  He  suggested  the  possibil- 
itv  that  the  alcohol  caused  the  wilt.  ,  i  ^i 

■  In  \\vli\  Letcher  and  Willaman  i6',)  attemi)ted  to  correlate  the  patho- 
ovmcitv  i)f  various  strains  of  Fus(triiu,>  Uni  with  their  ability  to 
pro.hice  ethvl  alcohol.  Thev  examined  nine  strains  ot  the  ttingus 
and  found  th'at  the  two  which  were  the  least  virulent  on  tlax  produced 
the  least  alcohol.  It  should  be  noted,  however,  that  the  strain  which 
pnxhiced  the  most  alcohol  was  not  the  most  virulent. 

In  l'.)2S  White  and  Wdlaman  (///,  10)  studied  the  lermentation  ot 
pentoses  by  Fusdrlum  Uni  and  accounted  for  nearly  100  per  cent  ot 
the  orio-inal  carbon  in  the  form  of  carbon  dioxide,  ethyl  alcohol,  and 
iii\nhum.  Thev  also  iei)orted  the  growth  of  the  organism  on  the 
IM.-liihited  intermediate  })rotlucts  formed  by  yeast  in  the  i)yruvic  acid 
theory  of  fermentation.  They  believed  that  F.  Inn  ferments  glucose 
1)V  th(^  same  mechanism  as  that  of  yeast. 
'  Keynolds  iS)  in  192()  reported  on  the  utilizatKui  ot  various  carboiiy- 
<hates  and  nitrogen  comj)()unds  ])V  Fusarluni  I'nu. 

In  19:-;i  Birkinshaw,  Charles,  Kaistrick,  and  Stoyle  [2)  reported  on 
th(>  carbon  metabolism  of  various  si)ecies  of  iMisarium,  incltidmg 
h.  rmfsponnn,  grown  on  a  glucose  medium.  They  tound  some  varia- 
tion anioiiir  the  various  species  but  all  of  them  produce  ethyl  alcohol. 
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PURPOSE  OF  THE  INVESTIGATION 

The  purpose  of  the  present  work  has  been  to  open  the  way  for  an 
invostio^ation  of  another  wilt-producing  fungus,  Fusarium  oxysporum 
Schlecht.,  using  the  same  type  of  medium  and  employing  essentially 
the  same  Fnethods  of  determining  the  products  of  metabolism  as  were 
employed  by  Anck'rson  (/)  on  F.  lini.  This  h:is  made  it  j)ossible  to 
compare  the  metaboHsin  of  these  two  organisms  under  [)racti('ally  the 
same  conditions.  The  principal  |)art  of  the  study  has  been  to  deter- 
iiiiric  the  cjuantitative  (Hstribution  of  the  chief  |)roducts  of  metabolism 
(ethyl  ah'ohol,  carbon  (hxoide,  and  mycelium)  of  F.  oxysporum  on  glu- 
cose A  further  study  has  been  made  to  determine  whether  or  not  ethyl 
alcohol,  in  concentrations  equal  to  that  produced  by  F.  oxysporum  in 
artificial  cultures,  is  toxic  to  potato  cuttings. 

METHODS 

SOURCE  OF  FUSARIUM  OXYSPORI^\l   CULTURE 

The  culture  of  the  organism  used  in  this  work  was  obtained  from 
the  mycological  herbarium  of  the  University  of  Minnesota  through 
the  courtesy  of  Dr.  Louise  Dosdall.  This  was  isolated  in  1919  by 
Dr.  (i.  R.  Bisby  (J)  in  connection  with  his  studies  on  the  Fusarium 
diseases  of  potatoes  and  truck  crops. 

CULTURE   MEDLV 

The  mineral  medium  used  in  this  work  was  the  same  as  that  used 
bv  Tochinai  (fn  and  Anderson  (/ )  in  their  work  on  Fusarium  lini.  It 
has  the  following  composition: 

Aniinoniuni  nitrate 1.  00  g^ 

Magnesiuin  sulphate --Sg 

Monopotassium  i)h<)sj)hatc' -SOg 

Water  to  make 1,000  c  c 

To  this  stock  solution  sufficient  gbicose  was  added  to  make  an 
approximately  2  [)er  cent  sohition  of  glucose.  The  exact  quantity  <»f 
glucose  was  determined  after  sterilization  by  the  Folin-Wu  {■'>) 
methinl. 

HYDROGEN-ION  (^0NCENTR.\T10N 

Ilydrogcfi-ion  concentration  determinations  were  made  by  the 
ehn'trometric  method  usimr  the  (luirdivdrone  electrode. 

CULTURE  FLASKS   AND  TEMPERATIM<E  OF  IN(  URATION 

The  culture  flasks  used  were  500  c  c  Erlenmeyer  flasks  htted  with 
2-hole  rut)ber  stoppers.  Glass  tubes  were  ])laced  through  the  holes 
of  the  stoppers  and  bent  at  right  angles  just  above  them.  One  of  the 
tubes  extended  just  below  the  stopper  and  the  other  reachea  to  the 
bottom  of  the  flask.  The  outer  end  of  each  tube  was  plugged  with 
cotton  and  fitted  with  a  rubber  tube  that  could  be  closed  by  a  pinch- 
cock.  Into  each  flask  300  c  c  of  the  medium  were  placed  and  the  long 
tube  was  drawn  up  so  that  the  lower  end  was  about  an  inch  above  the 
surface  of  the  licpiid.  The  flasks  were  tlien  sterilized  at  lo  pounds 
pressure  for  20  minutes.  When  cooled  each  flask  was  inoculated  by 
the  addition  of  5  c  c  of  a  sp(»re  and  mycelium  suspension  of  the 

'  1?  i-  fht'  ahhrcviiition  for  grtirn  or  grains  recently  adopted  \>y  the  Style  Manual  for  U.  S.  Oovernniont; 
jirintinj;. 


or^'anism  in  water.     The  stoppers  were  then  adjusted  and  sealed  with 
paiaffin  and  the  rubber  connections  closed  with  pinchcocks. 

The  flasks  were  kept  at  room  temperature  in  a  laboratory  where  the 
temperature  varied  only  slightly  from  25°  C. 

DETERMINATION   OF  CARBON    DIOXIDE 

rar])on  dioxide  was  determined  at  frequent  intervals  throughout  the 
experiment  in  order  to  prevent  loss  of  this  product  of  metabolism. 
The  iiu^thod  used  was  to  aerate  each  cultiu'e  flask  into  barium  hydrox- 
1(1,.  solution  contained  hi  a  Truog  (12)    tower   fitted   into   a   500  c  c 
Miction  flask  through  a  rubber  stopper.     The  air  used  for  aeration  was 
freed  from  carbon  dioxide  by  passing  it  through  soda  lime.     In  order 
tn  urevent  loss  of  alcohol,  a  Truog  tower  containing  concentrated 
sulphuric  acid  was  placed  ahead  of  the  barium  hydroxide  tower.     A 
separate  sulphuric  acid  tower  was  prepared  for  each  culture  flask. 
These  were  used  every  time  a  culture  flask  was  aerated  for  carbon 
dioxide  and  finally  the  alcohol  was  determined,  as  will  be  described 
later.     After  aeration  the  excess  of  barium  hydroxide  was  titrated 
with  standard  hydrochloric  acid  solution  using  phenolphthalein  as  an 
indicator.     Before  flasks  were  removed  for  final  analysis  the  long 
tube  was  pushed  below  the  surface  of  the  liquid  and  aerated  for  30 
minutes  in  order  to  remove  the  last  traces  of  carbon  dioxide.     Each 
time  the  flasks  were  aerated  for  carbon  dioxide  a  blank  determina- 
tion was  made.     The  titer  of  the  carbon  dioxide  determinations  was 
subtracted  from  this  blank  and  the  difference  used  in  calculating  the 
carhou  dioxide  in  the  sample. 

DETERMINATION  OF  DRY  MATTER  AND  CARBON  IN  THE   MYCELIUM 

When  the  experiment  was  started  a  sufficient  number  of  culture 
lla>ks  were  prepared  so  that  duplicate  samples  could  be  analyzed  at 
intervals  of  a  week  or  10  days  over  a  period  of  about  two  months. 
Tlie  weight  of  mycelium  was  determined  by  filtering  through  a 
weiirhed  Gooch  crucible  and  washing  with  water.  The  pad  of  my- 
oolium  was  then  dried  to  constant  weight  at  100°  C.  The  filtrate  was 
ina(h'  uj)  to  a  volume  of  500  c  c  and  aliquot  portions  were  used  for 
suhsecpient  determinations. 

The  carbon  in  the  mycelium  was  determined  by  the  wet  combustion 
method  using  the  Knorr  apparatus  and  the  details  of  procedure  as  out- 
lined by  White  and  Holben  (13).  The  entire  mycelium  mat,  together 
with  the  asbestos,  was  introduced  into  the  digestion  flask. 

DETERMINATION  OF  ALCOHOL 

For  the  determination  of  ethyl  alcohol  the  method  of  Dox  and 
Lamb  (4)  was  used  with  modifications.  In  this  method  the  alcohol 
is  oxidized  to  acetic  acid  which  is  distilled  and  titrated  with  standard 
alkali.  After  filtering  and  washing  the  mycelium  and  making  up  the 
filtrate  to  a  volume  of  500  c  c,  a  300  c  c  aliquot  of  the  filtrate  was 
saturated  with  solid  ammonium  sulphate  and  the  mixture  aerated  for 
48  hours  into  a  Truog  tower  containing  concentrated  sulphuric  acid. 
The  acid  mixture,  together  with  the  glass  beads,  was  then  transferred 
to  a  2-liter  Claison  flask  containing  22  g  of  potassium  dichroniate. 
After  standing  for  20  minutes  the  resulting  acetic  acid  was  distilled 
^nd  titrated  with  standard  alkali.     In  this  distillation  the  flask  was 
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heated  until  foaming  occurred.  Next  100  c  c  of  carbon-dioxide-free 
water  were  added  to  the  distilling  flask,  the  distillation  was  repeated, 
and  the  distillate  titrated.  This  last  procedure  was  repeated  until  a 
constant  titer  was  obtained.  This  represents  the  amount  of  sul- 
jjliuric  acid  unavoidably  distiUed  at  (>acli  distilhition,  and  the  constant 
titer  times  tiu^  nuin!)er  of  (listilhiti(nis  re[)resents  a  bhmk  which  must 
be  subtj'acted  iVom  the  sum  of  all  the  titj'ations. 

Sinc(>  in  the  determination  of  carbon  dioxide  a  sulphuric  acid  tower 
was  always  ])laced  ahead  of  the  barium  hydroxide  towei"  to  cohed 
any  alcohol  given  off,  anotlier  alcohol  determination  was  made  on  the 
contents  of  this  tower.  The  (piantity  of  alcohol  found  was  added  to 
that  found  in  the  filtrate  to  give  the  total  alcohol  produced  in  a  given 
flask. 

r>E  1  t.RMINA  1 1(»N   OF  GLUCC'SE 

Glucose  was  determined  by  the  method  of  Fohn  and  Wu  (5).  An 
ahquot  of  the  filtrate  from  the  mycelium  determination  was  diluted  so 
that  Ice  contained  about  0.1  mg  of  glucose.  Under  these  conditions 
the  color  of  the  unknown  matches  closely  that  of  the  Folin  and  Wu 
dilute  glucose  standard. 

PRESENTATION  OF  DATA 

Sixteen  flasks  with  300  c  c  of  medium  containing  a  known  quantity 
of  ghicose  as  the  only  source  of  carbon  were  inoculated  with  a  spore 
and  mycelium  suspension  of  Fusariurn  oxysporum.  These  were 
stoppered  and  the  aeration  tubes  were  closed  by  means  of  rubber  tubes 
and  pinchcocks  in  order  to  prevent  loss  of  carbon  dioxide.  Carbon 
dioxide  was  determined  at  frequent  intervals.  During  the  active 
growth  of  the  organism  it  was  determined  daily.  At  intervals  of  a 
week  or  10  days  two  llasks  were  removed  and  analyzed  for  residual 
carl)on  dioxide,  carbon  in  the  mycelium,  glucose,  and  ethyl  alcohol. 
The  original  culture  medium  was  analyzed  for  glucose  and  the  pH 
determined.     The  last  two  flasks  were  used  for  pH  determinations. 

Table  1. —  Distribution  of  metabolic  yrodiir's  of  Fusariuni  oxysporutn  on  a  glucose 

nicdimn  at  various  stages  of  growth 
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In  all,  four  experiments  were  run.  In  Table  1  and  Figure  1  the 
(lata  are  given  for  one  representative  experiment.  It  should  be 
ni)ted  that^residts  are  expressed  in  terms  of  carbon  and  also  in  terms 
of  ixM'centage  of  the  carbon  of  the  glucose  originally  present  m  each 

.,     "'KHcrrimr  to  l^ible  1  and  Figure   I,  the  foUowing  fncts  are  brought 
i    ,,iit  rniicerning  the  progressive  changes  in  the  products  of  metabolism. 

TUE    MYCELirM   .\M>   ITS  (AlUiON   CONTENT 

The  weiirht  of  invcelium  increases  rapidly,  reaches  a  maxiniuni  at 
'M\  (lay-^,  and  finallv  decreases.  The  nuiximum  is  reached  at  the  time 
that  all  the  glucose  has  been  consumed.     Apparently  stored  material 
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1  ,    ■  !:k  1.     Distribution  of  metabolic  pro(h;cts  of  Puaarinm  oiyKponim  when  prown  on  glucose 

in  the  mycelium  is  cimsumed  after  other  sources  of  food  have  been 
utilized. 

The  weight  of  drv  mvcelium  produced  approximates  that  found  by 
AndersoTi  ?/)  for  Fusarium  lini,  although  he  used  only  one-third  as 
nnich  medium.  He  found  as  high  as  lO.ln  per  cent  of  the  original 
(■iir])()n  in  the  mycehum,  while  with  F.  oxysporum  5.83  per  cent  is  the 
maximum.  F.  lini  shows  a  very  definite  utdization  of  ethyl  alcohol 
for  mycelium  ])roduction.  F.  \}xysporum  is  apparently  unable  to 
utili/e' ethvl  alcohol  for  mvcelium  buihling  purposes. 

Tli(^  percentage  of  carbon  in  the  mycelium  remains  very  constant  at 
ulxMit  4()  per  cent  for  46  days  when  it  increases  to  a  final  value  of  over 
''>3  per  cent.  This  increase  in  carbon  content  of  myceliuin  with  age 
was  also  noted  by  Anderson  (/)  in  his  work  on  Fusarium  lini.  Since 
f'arhuhydrates  contain  about  40  per  cent  of  carbon,  proteins  from  51 
to  .").")  per  cent,  and  a  typical  fat  such  as  tristearin  76.87  per  cent, 
An(l(Mson  believes  that  the  increase  of  carbon  in  the  mycelium  indicates 
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a  change  of  the  carbohydrate  in  young  mycelium  into  fat  as  the  myc^ 
Hum  ages.  Since  the  percentage  of  nitrogen  in  the  myceUum  decreased 
with  age,  he  felt  there  was  not  a  change  of  carbohydrate  to  protein. 
Although  nitrogen  was  not  determined  on  the  mycelium  in  this  work 
on  F.  oxi/sjiorjrw,  it  is  ji  rpasona})!^  assum|)ti()n  that  the  incroasc  in 
('ar})on  content  is  due  to  a  conversion  of  (*arl)()hy(lrate  into  fat. 

The  [)ercentage  of  original  carbon  found  in  the  mycelium  is  well 
over  5  during  active  growth.  In  the  last  analysis  this  drops  to  4.1)s  pep 
cent,  which  indicates  a  utilization  of  carbon  in  the  mycelium  for 
food  purposes  as  other  sources  of  food  are  consume<l. 

CARBON   DIOXIDE 

ParT^on  (livoidf^  i*^  nrodnppd  tliron^'-hont  tbe  exneriment.  Duririt' 
the  early  part  of  the  experiment  carbon  dioxide  was  produced  very 
rapidly,  necessitating  its  determination  daily.  When  the  glucose  is 
all  consumed,  the  rate  of  carbon  dioxide  production  decreases  so  that 
it  is  necessary  to  determine  it  only  at  infrequent  intervals.  The 
percentage  of  original  carbon  in  the  form  of  carbon  dioxide  increases 
throughout  the  experiment,  reaching  a  maximum  of  34.17  per  cent 
in  the  final  analysis. 

ETHYL  ALCOHOL 

Ethyl  alcohol  is  produced  rapidly  by  Fusarium  oxysporum.  In  20 
days  the  percentage  of  original  carbon  in  the  form  of  ethyl  alcohol 
is  49.21.  This  increases  gradually  to  51.89  per  cent  at  the  end  of  46 
days.  From  then  on  the  quantity  of  alcohol  decreases,  falling  to 
47.88  per  cent  of  the  original  carbon  at  the  end  of  the  experiment 
Anderson  (1)  in  his  work  on  F.  lini  found  that  this  organism  converted 
52.75  per  cent  of  the  original  carbon  into  alcohol  when  the  amount  of 
alcohol  was  at  a  maximum.  At  the  end  of  the  experiment  the  original 
carbon  in  the  form  of  ethyl  alcohol  was  only  29.51  per  cent.  F.  Ihu. 
very  definitely  utilizes  ethyl  alcohol  as  a  food  material.  There  is 
only  slight  utilization  of  ethyl  alcohol  by  F.  oxysporum. 

GLU(^OSE 

The  glucose  of  the  medium  is  consumed  rapidly.  In  20  days  there 
is  only  a  trace  left.  Since  the  total  recovery  of  carbon  at  the  end 
of  the  12-day  period  is  108.17  per  cent,  it  is  felt  that  the  error  is  in 
the  determination  of  glucose.  It  is  very  possible  that  in  the  early 
stages  of  growth  the  organism  converts  glucose  into  intermedi;ite 
products  which  have  the  power  of  reducing  copper  solutions.  If  this 
is  true,  the  value  for  glucose  at  the  12-day  period  is  high. 

TOTAL  RECOVERY  OF  CARBON 

In  the  column  headed  ''total  recovery"  in  Table  1  are  recorded  the 
sum  of  the  values  obtained  for  the  various  products  of  metabolism. 
It  will  be  noted  that  at  the  end  of  the  1 2-day  period  the  recovery  is 
108.17  per  cent.  As  pointed  out  above  this  is  likely  due  to  the  pro- 
duction of  intermediate  products  which  reduce  copper  solutions,  ren- 
dering the  glucose  determination  high.  At  the  end  of  the  20-(lay 
period  the  total  recovery  has  fallen  to  80.33  per  cent.  From  then  on 
the  total  recovery  gradually  increases  until  at  the  end  of  the  ex])eri- 
ment  it  is  87.03  per  cent.     The  fact  that  all  of  the  carbon  is  not 


Hcc-ounted  for  indicates  that  there  are  other  products  of  metabolism 
than  those  studied,  although  some  of  the  loss  may  be  due  to  incom- 
plete recovery  of  some  of  the  products  studied. 

R  HYDROGEN-ION  CONCENTRATION 

DrN  iiiiinations  of  j^ll  were  made  only  at  the  beginning  and  at  the 
iiid  (>!'  the  ex])erini(^nt.  The  initial  pll  was  4.15  and  the  final  pll 
was  t;..")5.  Anderson  (7  )  in  his  work  on  Fusarium  Ibd  found  that  this 
oriranisui  changed  the  pH  of  the  in<Mlium  toward  the  o[>tirnuni  for 
<:iu\\iii.      It  a])pcars  that  the  same  occurs  with  F.  oxysporum. 

K\TI()  OF  PRODUCTS  OF  METABOLISM  TO  ONE  ANOTHER  AND  TO  GLUCOSE 

CONSUMED 

TJic  jciationships  existing  between  the  products  of  metabolism  and 
the  compounds  consumed  by  a  fungus  have  been  expressed  by  means 
of  various  ratios  and  percentages.  Such  terms  as  respiration  coeffi- 
cient, economic  coefhcient,  respiration  equivalent,  plastic  equivalent, 
etc.,  have  been  introduced  into  the  literature.  There  has  })een  such 
a  lack  of  uniformity  with  regard  to  the  usage  of  these  terms  that  in 
Tahle  2  a  formula  is  placed  at  the  head  of  each  column  to  make 
[)erl'ectly  clear  the  sense  in  which  these  terms  are  used  in  this  discus- 
sion. Thev  are  used  in  the  same  sense  as  used  })V  Peterson,  Fred, 
und  Schmidt  (7). 

T!i(*  res])iration  coefficient  represents  the  grams  of  carbon  dioxide 
pitxliiced  ])er  gram  of  dry  mycelium.  It  will  be  noted  from  Table  2 
that  this  coefficient  gradually  increases  with  the  age  of  the  culture. 
Finally  there  is  a  rapid  increase  due  to  the  consumption  of  the  myce- 
lium itself  as  a  food  material.  The  values  are  very  much  higher  than 
those  found  by  Anderson  (/ )  for  Fitsariut/i  iini. 


T.\H1 


Quaniitative  reIntiottshi}>s  (.nsting  bclwccn  the  various  tnelnholir  products 
(if  Fusoriutn  oxi/sporutn  when  grown  on  a  glucose  luediiim 
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Ihe  economic  coefficient  re])resents  the  grams  of  glucose  necessary 
'"  ])nMliico  1  g  of  dry  mycelium.  This  coefficient  increases  with  the 
't^'^ol  the  culture,  reaching  a  maximum  of  31.92  in  68  days.  Ander- 
son i/i  tound  a  maximum  value  of  13.1  with  Fusarium  lini. 

uie  respiration  equivalent  is  the  percentage  of  carbon  consumed 
ll'*l  '^  transformed  into  carbon  dioxide.  With  the  exception  of  the 
l--aay  |)eriod,  where  the  value  is  high  due  to  a  false  sugar  value,  this 
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equivalent  increases  with  age.     Anderson   (/)  found  slightly  higher 
values  for  Fusarium  lini. 

The  ])lastic  equivalent  represents  the  percentage  ot  carbon  source 
used  in  invceliuui  svnthesis.  Here  again  is  found  a  high  value  at  the 
l->-(hiv  p(M-i()d  i\\ir  to  a  false  sugar  value.  The  other  values  arc 
api)n)xiniatc!y  .oustaut  but  lower  than  those  found  by  Anderson    / 

t"(»r  Fusiui  u  in  1 1  It  1 .  1  1  • 

'VW  nlcoh(»l  (Mjinvalcut  is  a  new  term  tliat  th<^  authors  have  intm- 
,|ii,v<l  whiche\pr(>ss(«>lh(>  pcrcentaL^cM.f  carbon  of  the  glucose  consuiiKMi 
that  1^  convcrttMl  uito  alcohol.  At  ihc  (Uid  ot  iIk'  Ti-day  period  the 
value  is  TS.tr,  wliich  is  undoubtedly  too  liigh  due  to  a  lalse  glucose 
value  as  jnentioned  above.  For  the  renuuning  |)eriods  the  value 
droi)s  to  around  50.  In  the  last  two  periods  the  value  drops  due  to 
consujupLioii  1)1  liic  un-oiiv»i  mV   uiii   iLtii„i.o. 

In  the  last  column  the  ratio  of  carbon  in  alcohol  to  carbon  in  carbon 
dioxide  is  given.  In  a  typical  alcoholic  fermentation  glucose  is  decom- 
posed according  to  the  following  equation: 

CVJli206-2C2H5()n  +  2C02. 

In  this  erniation  the  ratio  of  carbon  in  alcohol  to  carbon  in  CO.  i^  -  :  !■ 
It  wili  be  seen  from  Tabl(>  2  that  at  the  end  of  the  20-day  period  the 
value  is  1  97:1,  which  is  verv  close  to  the  theoretical  for  a  typica 
alcoholic  fermentation.  From  this  point  on  the  ratio  decreases  until 
at  the  end  of  the  experiment  it  is  1.40:1.  Here  again  utdization  ot 
the  alcohol  ])V  the  fuimus  is  hulicated. 

In  the  early  ])art  of  this  studv  an  error  was  made  in  makmg  up  the 
nutrient  mineral  solution.  In  place  of  1  g  of  MUNO,  per  Hter,  lOOir 
per  liter  were  used.  It  is  felt  worthy  of  mention  that  f-usanum  oxy- 
sporunt  irrew  on  this  medium  and  produced  a  typical  alcoholic  h-r- 
mentation.  When  the  distribution  of  the  products  of  metabolism 
were  charted  as  in  Figure  1,  in  general,  the  curves  were  the  same. 
The  main  dilference  hetween  the  two  hgures  was  that  the  rate  ol 
production  of  the  various  i)roducts  of  metabolism  on  the  stnm^j 
mmeral  solution  was  about  one-third  as  fast  as  on  the  weak  mineral 
solution. 

THK  EFFECT  OF  ALCOHOL  ON  POTATO  CUTTINGS 

And(M-son  (/)  has  sugirested  that  the  toxicity  •)f  Fusarium  hi'^  U) 
flax  mav  be  due  to  the  production  of  ethyl  alcohol  by  the  organism  m 
the  plant  tissue.  When  it  was  ascertained  that  F.  oxt/sporum  pro- 
duces ethvl  alcohol  on  glucose  it  became  of  interest  to  study  the  etleet 
of  solutions   of   ethyl   alcohol   at    various   concentrations   on    i)ot:it<> 

cuttings.  •       r 

Solutions  of  alcohol  were  made,  varying  in  concentration  from  D.) 
to  o  per  cent  in  increments  of  0.5  per  cent.  Potato  cuttings  wore 
placed  in  these  solutions  in  beakers.  Several  cuttings  were  placed  in 
tap  water  as  a  control.  In  no  case  was  there  any  appreciable  clmnire 
within  24  hours,  other  than  a  slight  curling  of  the  leaves.  After  4N 
hours  a  mottled  yellow  hc^tm  to  appear  on  the  leaves  of  the  cuttinLr> 
in  alcohol.  This  did  not  occur  in  the  controls.  The  stems  remained 
firm.  When  the  cuttings  in  alcohol  were  shown  to  a  patholounst 
familiar  with  ])otato  diseases,  he  believed  they  were  aflected  with  an 
extreme  case  of  leaf  mosaic.     There  was  no  wilting  of  the  stems  («ven 


at  the  end  of  five  days.  A  very  striking  odor  resembling  that  of  ripe 
cantaloupes  was  given  ofi"  by  the  cuttings  in  alcohol. 

Since  in  all  of  the  above  work  the  stems  remained  firm,  it  was 
decided  to  determine  the  concentration  of  alcohol  necessary  to  pro- 
,l!i,r  dolinite  and  rapid  wilting.  Cuttings  were  jdaced  in  solutions 
,,,!ii,,iniuL^  from  10  to  55  jxm'  c<uit  of  alcohol  in  increiiKMits  of  5  per 
(•(Mil  Within  two  hours  tluu-e  was  a  general  wilting  in  all  cases,  the 
wiltiMLr  increasing  in  severity  with  the  higher  conc(^nti-ations.  There 
w;i-  iio  appreciable  change  in  color  of  the  leavers  as  w.as  noted  with 
liic  iiKWO  dilut(>  solutions  of  alcohol.  The  cantaloupe  odor  j)ro\  iousiy 
noted  was  very  strong  in  all  cases,  dudging  from  the  esterlike  odor, 
Olio  is  led  to  the  hypothesis  that  the  potato  plant  is  able  partly  to 
protect  itself  against  ethyl  alcohol  by  converting  it  to  an  ester. 

Tl.o  i;t>rlin<'<=  ui  "aobitionQ  of  nloobo]  un  to  5  nor  cent  arc  in  atn'OPTnout 
with  the  work  of  White  (16)  who  observed  no  ill  effects  on  tomato 
cuttimzs  in  solutions  of  ethyl  alcohol  up  to  4  per  cent. 

SUMMARY  AND  CONCLUSIONS 

It  is  evident  from  the  data  presented  that  the  main  products  of 
inotaholism  of  FvsariurY)  oxysporum  on  glucose  are  carbon  dioxide  and 
ethyl  a.lcohol.  The  proportion  of  these  two  compounds  formed  indi- 
cates that  the  organism  causes  a  rather  typical  alcoholic  fermentation. 
In  tliis  r(^s})ect  B\  oxysporum  is  similar  to  /'.  Uni. 

Inistirium  lijii  very  definitely  uses  ethyl  alcohol  as  a  source  of  food 
supply  while  F.  oxysporum  makes  only  slight  use  of  this  j)roduct. 

\V(»!k  with  potato  cuttings  in  ethyl  alcohol  solutions  would  indicate 
that  this  j)ro(luct  is  not  responsible  for  the  wilting  of  potato  i)lant-. 
It  is  likely  that  small  (piantities  of  alcohol  are  rendered  nontoxic  by 
coriNorsion  into  an  ester  by  the  {)otat()  plant.  Potato  cuttings  in  a 
I'l  per  cent  alcohol  solution  showed  very  deiinite  symptoms  of  wilting. 
It  is  (piite  ])ossible  that  in  this  case  the  concentration  of  alcohol  in 
the  ti-sue  was  much  less  than  10  ])er  cent.  Althcuigb  there  is  no 
exporiuiental  evidence  to  sup])ort  the  the<uy  that  alcohol  is  responsii)l(^ 
for  the  wilting,  it  is  reasonable  to  suppc^se  that  alcohol  may  at  least 
he  a  t.K  tor  in  the  production  of  the  symptoms  of  wilt  in  ])otato  plants 
intectod  with  Fusarium  oxijsporum . 
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A  CHEMICAL  STUDY  OF  RANCIDITY 
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(Read   at   tlic   ("mnfiitiim,   June,    1')"/;) 

An  increasing-  interest  is  licini^^  cxidcnccd  [ly  variotis  l)r:inclics  of  t[ie 
fn()([  iiuiiistry  in  tlic  s])()ila<4X'  of  foods  t[n-oti^li  rancidity  dcvelopnient. 
Tlic  tirsi  in([tistrics  to  lie  conccnK'([  were  tlie  nianiifaetiirers  of  btitter 
and  edil)]e  sliortenini^s  due  to  tlie  necessity  oi  prodticiiiL;  a  ])r()([iict  tliat 
cnti[d  l)e  store(i  and  marketed  witlioiit  ai)|)recial)]e  deterioration.  The 
])al\ers  of  certain  ^oods.  jiartictilarl}-  cr:uker>,  also  hecanie  interested 
])ecatise  ot  tlie  |>o>sil)i]ities  of  r:nieidit\'  development  in  tlieir  proflttct. 
The  advent,  durinj;  the  past  few  years,  of  prepared  and  packa,<;ed  hiseuit 
ilotn-s  and  dott^hs  containing;-  lar^e  amounts  of  shortenin,ij^  a^-ents  lias 
:il>n  necessit:ded  a  serious  consideration  ( d*  ranciditv  ])ro1)lenis.  From 
a  nutritional  stand])oint  it  has  heen  demonstrated  that  rancid  fats  exert 
a  destnicti\-e  tdtect  on  certain  of  the  xitamins.  These  facts  eni])liasi/e 
the  widesprea.d  occurrence  of  rancidil\-  prol)]ems  in  the  food  industry 
;ind  tlie  reason  tor  con>iderini;  some  acKances  made  in  this  study  during 
the  past  few  sears. 

Terminology 

(  'ne  enconrai;inL:-  adxance  (d'  the  p:ist  few  yc-ars  in  regard  to  a  clearer 
understanding-  ot  rancidity  pi-o])lems  has  heen  the  more  careful  ti>e 
"f  the  term  rancidit\.  in  the  i)a.-t,  this  term  ha-;  heen  used  rrulier 
loosely  to  include  an\-  or  all  ( d'  the  three  txpo  i^\  fat  .^poilam'.  which 
have  heen  classified  h\-  d'riehold  (P',U)  as  oxidative,  hydrolytic,  and 
ketonic  rancidit\-. 


'  I'uliHi  ation    aiifhnri/rd    hv    the    Director    nf    the    I'riui-\  Kania    State    ("Mllei'e    Kxperiiiietit    Stati'ii 
""f    ',    l''^\   a-   'rtthrii.a!    Taper    .No.    593. 
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At  present,  a  group  of  investigators,  considering  only  one  ])articular 
fat.  are  using  the  term  rancidity  in  a  very  restricted  sense  to  include 
only  that  spoilage  where  butyric  acid  is  liberated.  The  majority  of 
investigators,  however,  dealing  with  the  numerous  fats  and  oils  of  in- 
dustry are  using  the  term  to  include  all  the  types  of  rancidity,  but  with 
enough  description  to  clearly  designate  the  type  involved.  This  more 
careful  use  of  the  term  has  eliminated  much  of  the  past  confusion  re- 
garding the  causes,  effects,  and  methods  of  preventing  rancidity.  Since 
oxidative  rancidity  is  the  tyi^e  usually  encountered  in  the  cereal  industry, 
it  is  the  only  type  considered  in  this  |>aper. 

Susceptibility  of  Fats  to  Oxidative  Rancidity 

Considerable  \ariati()ii>  in  su>cei>til)ilii_\'  lu  (ixidatixc  ranci(hty  arc  (  \- 
I)erienc(,'(l  between  in(hvi(hial  >ainple.>  d  the  same  type  ot  tat  a>  well 
as  between  different  types.  V^arious  reasons  have  been  suggested  to  ac- 
count for  this  difference  in  ])ehavior  of  the  fats,  and,  it  is  likely,  that 
pU   thp   rf^n«(»nv;   r\(\v^urt^(\   i^1;iv   n    nnrt   in    the    final   exnlanation   of    this 

phenomenon. 

Differences  in  Susceptibility  to  Oxidative  Rancidity  between  Types 

of  Fats 

Without  a  doubt,  the  difference  in  susceptibility  to  oxidative  rancidity 
between  the  various  ty])es  of  fats  is  influenced,  in  a  large  measure,  1)y 
the  character  of  their  fatty  acids  combined  as  glycerides.  It  is  obvious, 
that  if  oxidative  deterioration  involves  particularly  the  unsaturated 
acids,  as  all  theories  postulate,  then  those  fats  containing  the  lesser 
amount  of  unsaturated  glycerides.  and,  more  especially,  the  lesser 
amount  of  highly  unsaturated  ones  such  as  linolic  and  linolenic  acid 
glycerides.  will  have  the  least  susceptibility  to  oxidative  rancidity.  The 
excellent  keeping  qualities  of  cocoanut  oil,  consisting  ])rinci])ally  of  sat- 
urated acid  glycerides,  a])i)ears  to  confirm  this  idea.  So  also  does  the 
improved  keeping  qualities  of  cottonseed  oil  after  selective  hydrogena- 
tion  of  the  highly  unsaturated  glycerides. 

Another  interesting  example  of  the  influence  of  structure  on  the 
ease  of  oxidation  is  illustrated  in  the  work  of  Taufel  and  Spiegelber^ 
(1930).  They  have  shown  that  in  the  case  of  the  cis-trans  isomers, 
oleic  and  elaidic  acids, 


CH.r(CH..)-CH 

II 
IIOr)C(CH,),CH 

(cis-form) 


CII,(CTL)XH 


HC—  (Cl{,),CO()lI 

(trans- form) 


that  the  oleic  acid  reacts  much  more  readily  witli  oxygen  than  its  isomer, 
elaidic  acid.     The  difference  in  reactivitv  ])etween  these  two  acids  has 
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suggested  to  us  another  reason  for  the  greater  resistance  to  oxidation  of 
hydrogenated  shortenings.  It  had  been  pointed  out  by  Hilditch  (1927) 
that 

"  Since  the  cthylciiic  linkages  in  a  highly  unsaturated  fatty  acid  occur  at 
different  points  in  the  chain  of  carbon  atoms,  it  is  easy  to  understand  why  the 
oleic  acids  produced  by  selective  hydrogenation  are  not  all  the  same  and  ideiitical 
with  the  ordinary  oleic  acid  /S^-iO — octadecanoic  acid — the  double  bond  left  unsat- 
urated may  well  he  one  of  the  others." 

In  our  opinion,  this  effect  of  hydrogenation  results  in  the  formation  of 
isonieric  oleic  acid  gi\i-erides  ditTcriii!^-  from  tlie  naturall\-  occurriiiLj"  oleic 

a(~id  L'l\ceridc'-  m*!  oiilv  in  pli\>ical  |  rujicrt  i(">  ])iit  aKn  in  rcariiv  ii  \-  i.,- 
war'K  ti\y,L;en. 

Differences   in   Susceptibility   to   Oxidative    Rancidity   between 
Individual  Fats  of  the  Same  Type 

Individual  fat  samples  within  a  t)pe  exhibit  considerable  variations 
with  respect  to  suscej)til)ility  to  oxidative  rancidity.  This  can  be  ac- 
counted foi  OH  ibc  i)a>is  that  fais  \ary  in  their  content  of  ])ro-oxygenic 
catalysts  due  to  their  past  treatment  and  to  contamination  with  foreign 
materials.  Such  conditions  of  past  treatment  which  favor  the  forma- 
tion of  peroxide  or  moloxide  compounds  (high  oxidizing  ])otential)  will 
increase  suscej)tibility  to  autoxidation  according  to  the  amount  of  these 
peroxide  compounds  formed.  Contamination  of  the  fat  with  certain 
metals  tremendously  influences  the  susceptibility  to  autoxidation.  Da- 
vies  (19v32)  lists  the  following  metals  in  the  order  of  their  effect  as 
pro-oxygenic  catalysts:  (1)  \'anadium.  (2)  copper,  and  (3)  iron. 
nickel,  and  manganese. 

Triebold  (1929)  suggested  that  differences  in  suscei)tibility  of  indi- 
vidual fats  to  autoxidation,  as  measured  by  the  length  of  induction 
period,  might  be  accounted  for  l)y  varying  amounts  of  anti-oxvgenic 
substances  contained  in  the  fats.  A  similar  idea  has  been  suggested 
recently  by  Hilditch  and  Sleightholme  (1032).  who  have  demonstrated 
by  experiments  on  four  oil  samples,  that  the  original  oils  were  more 
resistant  to  autoxidation  than  either  the  saponified  oil,  re-esterified  fatty 
acids  of  the  oils,  or  glycerides  prepared  synthetically  from  the  distilled 
acids  of  the  oils.  It  is  very  likely  that  the  stisceptibility  to  autoxidation 
of  many  of  the  fats  and  oils.  ])articularly  those  which  do  not  undergo 
a  drastic  refining  process,  is  influenced  to  a  considerable  degree  bv  the 
presence  of  anti -oxygenic  substances. 

Methods  of  Determining  the   Susceptibility  of   Fats  to   Oxidative 

Rancidity 

Several  investigators  (Holm  and  fireenbank.  1923;  Greenbank  and 
Holm.    1925.    1030:    Hilditch   and    Sleightholme.    1032;    Mattill,    1031; 
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Triebold  and  Bailey,  1932)  have  used  controlled  oxidation  studies  to 
determine  the  effect  of  various  factors  in  the  oxidative  deterioration 
of  fats.  Although  all  these  methods  are  the  same  in  principle,  they 
vary  considerably  in  detail.  For  example,  variations  in  the  tempera- 
ture of  autoxidation  may  range  from  room  temperature  to  95°  C,  stir- 
ring is  employed  in  some  methods  and  not  in  others,  while  one  method 
uses  light  as  a  catalyst  instead  of  heat. 

\\q  have  made  a  comi)arison  of  the  results  obtained  by  controlled 
autoxidation  of  lards  at  95°,  90°,  70°  C.  without  stirring,  and  95°  C. 
witli  stirring,  using  the  Holm  and  (irct'nl)ank  (1923)  gas-tight  stirrer, 
aiul  liavc  found,  in  general,  that  all  the  methods  rank  the  samples  in 
a])proximately  the  same  relati\e  order  with  respect  to  keeping  ability. 
Stirring  does  not  appear  to  influence  the  results  as  evidently  there 
is  no  ai)preeial)le  surface  lilni  formation  through  polynieri/.ation.  al- 
though this  would  likely  be  a  factor  in  the  case  of  the  drying  oils.  Since 
this  study  was  made,  we  have  adopted,  when  stirring  is  necessary,  the 

mot-piirT    coni     cfirrpr    nc    iniprl     ]  ^\■     V.ricrrrQ     MQ'^l^     thf'Vpl^X'    p1imitintint>"    tllP 

inherent  difficulties  of  the  Holm  and  Greenl)ank  stirrer,  namely,  the 
danger  of  contamination  with  metallic  catalysts,  and  of  not  obtaining 
an  absolutely  gas-tight  seal  in  the  bearing.  There  is  a  possibility  that 
if  the  fat  contains  metal  catalysts,  temperatures  over  75°  C.  may  lead 
to  erroneous  results.  Ellis  (1932)  has  demonstrated  that  using  co- 
baltous  oleate  as  a  catalyst,  he  could  effect  a  considerable  autoxidation 
(if  even  the  saturated  fatty  acids  such  as  stearic  acid  at  temperatures 
over  73°  C.  However,  in  the  absence  of  catalyst,  he  got  no  oxidation 
of  the  saturated  acids  at  the  higher  temperatures.  We  have  found  in 
the  case  of  pure  myristic  acid,  that  even  after  25  hours  exposure  to 
oxygen  at  90°  C.  it  had  not  begun  to  autoxidize.  These  results  would 
tend  to  indicate  that  ordinarily  the  choice  of  a  controlled  oxidation 
method  would  limit  itself  to  the  ease  and  speed  of  obtaining  results. 

Method  of  Determining  the  Susceptibility  of  Crackers  to  Oxidative 

Rancidity 

It  is  now  generally  accepted  that  the  length  of  induction  period  of  a 
fat,  as  determined  by  any  of  the  controlled  oxidation  methods,  is  a  good 
index  of  the  susceptibility  of  that  fat  to  oxidative  rancidity.  It  was 
thought  likely  that  a  comparable  relationship  would  hold  between  the 
length  of  induction  period  of  a  fat  and  the  susceptibility  to  oxidative 
rancidity  of  crackers  in  which  the  fat  was  used  as  a  shortening  agent. 
While,  in  general,  it  was  found  by  Triebold  and  I>ailey  (1932)  that 
such  a  relationship  seemed  to  exist,  several  outstanding  excej^tions  were 
noted  where  the  keeping  quality  of  a  fat  baked  into  crackers  was  greatly 
enhanced  over  that  indicated  by  the  length  of  induction  period  of  the 
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fat  itself.  However,  the  length  of  induction  period  determined  on  the 
crackers  themselves  was  found  to  be  a  nuich  better  criterion  for  judgin*^ 
the  suscej)tibility  of  crackers  to  oxidative  rancidity. 

Since  the  results  of  Triebold  and  Bailey  (1932)  were  obtained  on 
commercial  crackers  produced  under  very  dissimilar  conditions  it  was 
thought  advisable  to  conduct  a  siiuilar  type  of  study  on  experimental 
crackers  baked  under  standard  conditions  and  thereby  eliminatin<^  all 
variables  except  the  shortening  agent.  Ten  samples  of  lard  shortenin,<T.s 
were  secured  and  baked  into  experimental  crackers,  attempting  as  much 
as  po-Mhle  to  (luplic-ate  the  f(_)nnulas  and  pr(K-edures  used  in  the  hakiiiu 
uf  e(  imiiieix'ial  crackers. 

All  tlie  lar(l>  were  autoxidi/ed  at  '>5  (".  without  stirring  in  an  :v:- 
paratus  similar  tn  that  desenbi'cl  1)\  Trielxtld  and  P»aik'v  (l'>32)  t(,  d.- 
terniine  the  K'nL;lh>  of  theii"  induction  ])eriods.  Vvvv  acidities  were  de- 
termined according  to  the  official  method  (  A.  (  ).  A.  C".  P>()ok  of  .Methods 
1931,  p.  326).  The  original  metlKxl  of  lilunt  and  FY^eney  (1915)  was 
tmerl   to  obtain   tbf   v;niol,-iti<>-  tfMntwM-'ifiif<»>.'    ci'i-.,-/.   +1-., 


♦  ■»>r>4-l-^  f  ^  fi 


iClii 


JU    cU-5     ilinuillLMl 


fl. 


by  McCoy  (1931)  did  not  yield  better  results.  The  peroxide  contents 
as  measured  by  the  active  oxygen  values  were  deternu"ned  by  the  method 
of  Lea  (1931)  and  rei)orted  as  the  cubic  centimeters  of  N/500  sodium 
tbiosulphate  solution  required  to  react  with  the  iodine  liberated  from 
potassium  iodide  by  1  gm.  of  fat.  Schil)ste(rs  (1932)  method  was 
used  to  ascertain  the  amount  of  aldehydes  present  in  the  fat  and  cal- 
culated according  to  his  formula  as  the  fat-aldehyde  value.  To  obtain 
a  measure  of  the  keeping  qualities  of  the  lards,  samples  were  stored  at 
room  temperature  and  at  40°  C.  and  the  number  of  days  determined 
until  the  samj)les  possessed  the  characteristics  of  oxidative  ranciditv.  i.e., 
gave  a  definitely  positive  Kreis  test  and  the  characteristic  rancid' odor. 

Kee})ing  cjuality  of  the  exj)erimental  crackers  was  ascertained  by 
storage  tests  at  40°  C.  and  noting  the  number  of  days  recjuired  before 
they  developed  a  rancid  odor.  Lengths  of  induction  jx-riods  were  als(^ 
determined  on  the  crackers  by  autoxidation  at  95°  C. 

The  results  of  this  study  are  sununarized  in  Table  I,  together  with 
all  the  definite  coefficients  of  rank  of  correlation  obtained  between  the 
factors  considered.  The  coefficient  of  rank  of  correlation  (lackson. 
1924)  was  i)referred  to  the  straight  coefficient  of  correlation  since  it 
was  not  desired  in  this  case  to  correlate  absolute  values  but  rather  to 
determine  ability  to  rank  one  factor  in  respect  to  another.  It  is  appre- 
ciated that  the  number  of  samj-les  used  in  this  study  was  so  small  that 
any  conclusions  drawn  are  simply  indicative  of  what  mav  be  expected 
to  occur. 

Triebold  and  Bailey  (V)?^2)  found  a  close  relationshii)  between  the 
length  of   induction   period   of   commercial   crackers   and    their   keeniu"- 
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qualities  and  this  same  relationship  holds  for  the  exjierimental  crackers 
reported  in  Tal)le  I.  The  coefficient  of  rank  of  correlation  found 
+  .927  ±  .031,  exemplifies  the  a1)ility  with  which  it  is  possihle  to  rank 
the  crackers  in  order  of  their  keeping  (jualities  and  emphasizes  the  fact 
that  the  determination  of  the  lenj^th  of  induction  ])eriod  on  crackers 
provides  us  with  a  rapid  and  yet  accurate  method  for  evaluating  the 
keeping  qualities  of  such  baked  goods. 

TABLE  I 

A    C0M!>Alx!-(i:\    (IF   TMK    K  IF.IM  X( ;    Or.MITN'    OF    l\  \  l'l-,l<  I  M  F\  T  AI,    Cu\(KFI<-     WITH 
\   AKiOL'S    Cll  A1^\C  I  !;K1--!  IC^   (>!■     MM,    I.A.UD    S  1 1  t)l<  FILNINGS    U>I.l)    i  X 

Till  11^     pR(!m  A  IION' 

All    (k-fmitc   c<K.-r!icicnt>    ot    rank    nf   ct  irrrlati*  m    <  ilitaiiicd   lirtwA'cii    the    \-ari(HFs 
fartor-  -aw  nulicatcil. 


Lard 

s 

Crackers 

Days 

sweet 

Free 

Active 

I  Jays 

( :5tor- 

i^avs 

acRiuv 

oxygen 

sweet 

Induc- 

age at 

sweet 

Inckic- 

Mgs.  of 

(cc. 

( Stor- 

tion 

room 

(Stor- 

tion 

KOH 

Smok- 

\7500 

age 

period 

tem- 

age 

period 

per 

ing 

Xa.S.O:. 

Fat 

Sample 

at 

m 

pera- 

at 40° 

m 

gram 

tempera 

-     per      aklehyde 

number 

40°  C.) 

hours 

ture) 

C.) 

hours 

of  fat 

ture 

gram  fat) 

value 

10 

31  + 

5.25 

0 

0 

0.66 

0.886 

197.5 

9.20 

2.70 

7 

31 

4.50 

0 

0 

0.50 

0.836 

185.0 

2.80 

1.80 

9 

30 

3.87 

50 

30 

4.25 

0.875 

200.0 

'     1.50 

0.25 

8 

29 

3.45 

11 

1.00 

0.842 

191.0 

2.30 

0.50 

1 

25 

4.00 

f)3 

32 

1.25 

0.673 

187.0 

4.55 

2.00 

3 

24 

3.25 

78 

30 

5.16 

0.954 

198.0 

1.60 

0.25 

6 

.     20 

3.20 

15 

3.75 

0.757 

224.0 

1.52 

0.28 

2 

20 

3.08 

66 

25 

2.75 

1.038 

187.0 

2.50 

0.44 

4 

20 

2.50 

26 

15 

2.00 

0.870 

197.0 

2.30 

1.30 

5 

13 

2.70 

24 

10 

1.08 

2.637 

163.0 

1.65 

0.10 

Coefficients  of  R.\xk  of  Correi.atiox 

Between  induction  period  of  crackers  and  the  days  they  re- 
mained sweet  at  40°  C.  r 

Between  lard  remaining  sweet  at  room  temperature  and  at  40°  C.  r 

Between  induction  period  of  lards  and  the  days  sweet  at  room 
temperature.  r 

Between  induction  period  of  lards  and  their  active  oxygen  c<')n- 
tent.  r 

Between  fat  aldehyde  value  of  lards  and  their  active  oxygen 
cc)ntent.  r 


4-  .927  ±  .031 
+  .851  ±  .069 

+  .896  +  .046 

—  .806  +  .078 

-f  .8()7  ±  .055 


As  would  he  expected,  there  was  a  fairly  close  relationshi])  Between 
the  keeping  qualities  of  the  lard  sami)les  at  room  temperature  and  at 
40°  C.  This  suhstantiates  the  ])ractice  of  using  a  com])arativelv  simple 
incuhation  test  at  an  elevated  tenqierature  as  descrihed  hv  Schaal  f  LX31) 
for  the  rapid  determination  of  the  keeping  (piality  of  fats.  .\  close 
relationshi])  was  also  evidenced  Between  the  keej)ing  (|u.'ditv  of  the  lards 
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at  room  temperature  and  the  length  of  their  induction  periods  which  is 
in  accordance  with  the  generally  accepted  idea  that  the  length  of  in- 
duction period  of  a  fat  is  a  good  index  of  its  keeping  (juality. 

x\o  definite  correlation  was  found  Between  the  free  acidities  of  the 
lards  and  their  keeping  (pialities  on  storage  or  their  lengths  of  induction 
periods.  The  acidity  values  for  all  the  sam])lcs  were  verv  similar  ex- 
cept one  lard,  wdiich  had  a  value  three  times  as  large  as  the  rest,  and 
which  also  evidenced  ])oor  keeping  (piality.  These  results  are  also  in 
agreement  with  those  reported  By  TricBold  and  L.ailev  (l'^.^2a)  in  which 
it  was  found  that  niil\-  rxccj.ticnally  high  or  hjw  acidities  wri'c  a^rvr- 
laU'd  with  \\\v  kco])ini;  (jnahiics  of  a  fat. 

Wink-  no  sioniin-;tm  rorri-lation  was  rcj.'orttMJ  kctween  tln'  lcii"th  of 
"idiulioii  priaod  •'!  the  lards  an<I  thru-  s.nokir.g  tcninci-atnrrs,  a  -li-ht 
rorrc-lation  was  o\i(kait,  A  niuch  closer  rclalioiislnp  was  cxliiljitcMi, 
however.  Between  the  length  of  induction  ])criod  and  active  oxygen 
values  of  the  lards.  It  would  Be  ex])ected  that  the  active  oxygen  (or 
neroxide  )   valne*^.  since  thov  t'^iw  nn  iiulic-itioti  ^o"  fli<.  <,^-,m;.,.\,,,  ,,,4-.,.^:,i 

already  Built  up  in  the  samples,  would  Be  closely  related  to  the  lengths 
of  induction  i)erio(ls  of  the  lards.  (  )nly  two  high  active  oxygen  values 
were  oBtained  among  the  samples  (  Xos.  10  and  1)  and  these  Both  had 
short  induction  periods.  A  good  correlation  was  also  exi)erienced  Be- 
tween the  active  oxygen  and  fat-aldehyde  values.  This  would  seem  to 
indicate  that  in  the  early  stages  of  oxidation,  at  least,  the  formation  of 
aldehydes  proceeds  at  a  rate  related  in  some  measure  to  that  of  the  per- 
oxides. In  these  early  stages  of  oxidation  it  should  Be  j)ossihle  then  to 
test  ecjually  well  for  oxidative  rancidity  By  means  of  either  i)eroxide 
or  aldehyde  tests.  As  the  oxidation  i)rogresses  it  is  (juestionahle  if 
this  relationship  continues  since  SchiBsted  (  10.^2)  reports  several  cases 
of  strongly  oxidized  fats  with  very  low  fat-aldehyde  values. 

It  is  significant  to  note  the  ahsence  of  a  definite  correlation  Between 
the  lengths  of  induction  periods  of  the  lards  and  the  keeping  quali- 
ties of  the  crackers  produced  from  them.  .\n  examination  of  the 
data  on  individual  samples  recorded  in  TaBle  1  shows  why  such  a  re- 
lationship did  not  exist  in  this  study.  The  two  cracker  samples  exhihit- 
ing  the  Best  keei)ing  (pialities  (  Xos.  10  and  7)  were  produced  from  lards 
with  the  shortest  induction  periods.  Two  other  cracker  .samples  (Xos. 
8  and  1),  i)ossessing  very  good  kee])ing  (jualities,  were  also  made  from 
lards  ])ossessing  relatively  short  induction  periods.  This  study  would 
>eeni  to  indicate  that  shortenings  of  poor  kee])ing  (piality  may  Be  used 
to  i)roduce  crackers  of  good  keeping  (piality.  and  this  emphasizes  a  verv 
important  fact— that  one  cannot  justly  evaluate  a  shortening  for  its  use 

in  cracker  manufacture  By  simplv  making  n  .study  on  the  shortening 
itself. 
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Inferior  Shortenings  Produce  Crackers  of  Superior  Keeping  Quality 

Triebold  and  Bailey  (1932)  f(3und  in  the  case  of  commercial  crackers 
that  a  relationship  seemed  to  exist  between  the  length  of  indnction 
period  of  a  fat  and  its  keeping  quality  when  baked  into  crackers.  How- 
ever, several  outstanding  examples  were  also  reported  by  them  where 
lards  of  exceptionally  poor  keeping  quality  were  used  to  produce  crackers 
possessing  good  keeping  quality.  A  possible  explanation  offered  for 
this  behavior  was  that  the  wheat  oil  present  in  the  cracker  flour  might 
influence  the  keeping  quality  of  the  crackers.  Wheat  oil  could  not  be 
ri'>i)()nsil)k\  however,  in  the  case  of  the  experimental  crackers  suin- 
the>-  were  all  made  from  the  same  Hour.  Thus  some  rra>onal)le  explana- 
tion was  desired  U)  account  for  the  excellent  keeping  (jualities  i)ossc-sse(l 
by  some  crackers  made   from  shortenings  of  inferior  keeping  (lualities. 

A  possible  hypothesis  was  suggested  to  account  for  this  behavior. 
It  would  seem  logical  to  assume  that  in  the  case  of  certain  shortenings 
which  had  received  good  treatment  and  had  undergone  no  appreciable 
deterioration  before  being  baked  nitu  crackers,  tnat  a  relationship  wou.d 
likely  exist  between  the  lengths  of  their  induction  periods  and  the  keep- 
ing quality  of  the  crackers  in  which  they  were  used.  On  the  same  basis, 
if  such  shortenings  were  old  or  mistreated  so  that  they  had  undergone 
incipient  oxidation,  this  should  be  reflected  in  the  lengths  of  induction 
periods  and  keeping  qualities  of  the  shortenings.  It  should  be  con- 
ceivable, however,  that  such  shortenings  when  baked  into  crackers  might 
have  these  deteriorative  eflfects  destroyed  in  the  baking  process  and  the 
resulting  crackers  should  then  possess  keeping  qualities  comparable  to 
those  expected  from  the  fresh  shortening.  Thus  it  might  be  possible  to 
account  for  the  ability  of  an  inferior  shortening  in  the  incipient  stages 
of  oxidative  rancidity  to  be  used  in  the  production  of  crackers  with 
superior  keeping  qualities. 

A  short  study  was  outlined  to  test  the  validity  of  this  hypothesis. 
Two  lard  samples,  one  an  open  kettle  and  the  other  a  prime  steam  ren- 
dered, were  autoxidized  to  definite  oxygen  absorptions.  After  deter- 
mining the  lengths  of  induction  periods  and  active  oxygen  (or  peroxide) 
values  on  the  two  control  and  six  oxidized  samples,  they  were  baked 
into  experimental  crackers.  Within  a  week  after  baking,  the  lengths  of 
induction  periods  were  determined  on  the  crackers,  and  active  oxygen 
values  obtained  on  the  fat  extracted  from  the  crackers  with  petroleum 
ether.  A  small  fraction  of  each  of  the  cracker  samples  was  stored  at 
room  temperature  but  up  to  the  present  none  of  these  samples  have 
shown  any  signs  of  oxidative  rancidity. 

The  resuUs  of  this  study,  summarized  in  Table  II,  appear  to  confirm 
the  validity  of  the  hypothesis  presented.  It  is  clearly  indicated  that 
autoxidation  of  a  lard  to  a  limited  degree  increases  the  active  oxygen 
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content  considerably  and  decreases  or  entirely  eliminates  the  induction 
period.  Crackers  produced  from  the  lards  with  high  active  oxygen 
values  show  materially  reduced  active  oxygen  contents  for  their  ex- 
tracted fat.  The  lengths  of  induction  periods  of  the  cracker  samples 
have  been  increased  in  all  cases  over  the  lengths  of  induction  periods  of 
the  corresp(jnding  lard  samples  and  bear  no  relationship  to  either  the 
lengths  of  induction  periods  or  active  oxygen  values  of  the  lards. 

TABLE  II 

A  COMTAKISOX   OF  THF.  LkXCTII    OF    1  Xl)(   (   I  IO.\    PFRIOI)   OF    Ex  I'FRI  MKN'TAF   CrACKFRS 

C'oxT.M  XI  X(;  LxKi)  Sii(»irn;xi  X'is  Oxiiii/kd  m  I  )iii!;ki:  nt  I  )F(.ri-.k>   wrii!   Tiit. 

Li-.xi.iii   oi    lxiu(  riox    ri:i-'i(ii)  of    iiii'.   Lakdn  axd,   Ai.-o,  'iiii.  Aciuk 

()\\(,v.s   \'AirF<  or    iiiF  I.AKDs  AXD  TiiK  1\  XI  k  A(  I  i.n  I-'at  i-i<o\r 

Till-.    C'UACKFKS 

Li'imtli    of   iiKlui-tini!    ])cri(i(lN   (k-tcniiiiicd    !)>■    the    statif    iiit.  thnfl    at    '.>()°    C. 


Lard  shortenings 

Active 
oxygen 
content 
(cc.  N/500 


Crackers 


Active 

oxygen 

content 

(cc.  N/500 

Induction        Na-.S.-Os      Induction     Na.-S-Os 
period  per  gram         period        i)er  gram 

in  hours  of  fat)         in  hours         of  fat) 


Open    kettle    rendered    lard 

Control 

Open    kettle    rendered    lard 

Oxidized   to  beginning   of   the 

induction  period 

Open    kettle    rendered    lard 

Oxidized  to  15  cc.  O.-  absorption 

per    100    gms.    lard 

Open    kettle    rendered    lard 

Oxidized  to  50  cc.  O..  absorption 

per    100    gms.    lard 

Prime   steam   rendered   lard 

Control 

Prime    steam    rendered    lard 

Oxidized   to  beginning   of   the 

induction  pericxl 

Prime   steam   rendered   lard 

Oxidized  to  15  cc.  Oj  absorption 

per    100    gms.    lard 

Prime   steam   rendered   lard 

Oxidized  to  50  cc.  O:;  absorption 

per    100    gms.    lard 


3.0 


1.6 


8.0 


1.7 


0.75 

3.6 

8.0 

5.8 

0.0 

14.7 

8.0 

5.0 

0.0 

39.5 

8.0 

3.2 

1.75 

3.8 

9.5 

4.4 

0.0 

13.9 

9.5 

3.2 

0.0 

21.9 

5.0 

3.7 

0.0 

41.5 

5.0 

9.3 

The  relatively  long  and  similar  induction  periods  of  crackers  pro- 
duced from  the  ojien  kettle  rendered  lards  in  the  various  stages  of 
autoxidation  are  to  be  ex])ected  as  due  to  the  reduction  of  the  active 
oxygen  contents  of  the  lards  in  the  baking  process,  and  thereby,  the 
removal  of  pro-oxygenic  catalysts  formed  in  the  preliminary  autoxida- 
tion of  the  lard.  This  same  relationshi]:)  holds  in  the  prime  steam  lard 
sani])les  with  the  exce])tion  of  one  case    (crackers  ])ro(luce(l   from  the 
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lard  sample  autoxidized  to  15  cc.  of  oxygen  per  100  gms.  of  lard),  which 
had  a  shorter  induction  period  than  the  other  cracker  samples  of  the 
same  active  oxygen  content.  No  explanation  can  he  offered  to  account 
for  this  result.  The  shorter  induction  period  of  the  crackers  jM^oduced 
from  the  most  highly  autoxidized  prime  steam  lard  is  due,  in  all  proha- 
hility,  to  the  higher  active  oxygen  content  of  the  crackers.  A  compari- 
son of  the  active  oxygen  values  for  the  two  tyi)es  of  lards  and  their 
hehavior  when  haked  into  crackers  would  seem  to  indicate  that  autoxida- 
tion.  in  the  case  of  the  prime  steam  lards  proceeds  to  a  greater  degree 
])cr  unit  (tf  oxvgen  ahsorhcd  than   is  true  of   the  o])en  kettle   rendered 

lards. 

While  this  ])reliminary  study  would  seem  to  indicate  that  it  nia\-  h.,- 
possi1)le  for  a  baker  to  usi'  a  lard  shortening  wliich  is  in  tlic  inri])icnt 
Staines  of  o.\i(lati\e  ranciditx'  and  \  cl  produce  craekrr^  ot  good  keiinii^ 
qualitv,  this  is  certainly  not  to  he  recommended  as  a  general  ])ractice.  A 
more  detailed  study  must  necessarily  be  made  of  the  whole  ])rol)leni. 
The  im^K^rtan.t  fact  (U-rWcc]  from  this  study  is  that  the  keeping  (|uality 
of  a  shortening  as  measured  by  storage  tests  or  length  of  induction  ])e- 
riod  of  oxygen  absorption  may  not  be  a  true  index  of  the  keeping  ([iiality 
of  the  crackers  baked  from  it. 

Anti-oxygens 

One  phase  of  the  rancidity  problem  which  is  receiving  a  great  deal  of 
attention  at  the  present  time  is  the  study  of  anti-oxygenic  catalysts. 
This  study  has  followed  three  main  lines  of  investigation:  (1)  A  search 
for  new  anti-oxygens,  (2)  fundamental  studies  to  account  for  the  ac- 
tion of  anti-oxygens,  and  (3)  an  attempt  to  determine  the  nature  of  anti- 
oxygens  naturally  present  in  fats. 

A  survey  of  the  literature  reveals  numerous  experiments  to  deter- 
mine the  applicability  of  substances  as  anti-oxygens  for  fats.  Many  of 
these  substances  which  show  such  action  have  been  patented  and  are 
finding  commercial  application  in  the  preservation  of  fats  for  other  than 
edible  i)urposes.  These  anti-oxygenic  substances  vary  considerably  in 
structure  although  most  of  them  used  are  aromatic  amines  or  phenolic 
compounds.  A  partial  list  of  these  anti-ox\genic  substances  for  fats 
which  have  been  studied  or  ])atented  the  past  few  \ears  would  include 
the  following:  ])\rogallol.  ])yrocatech()l,  a-naphthol,  /^-naphthol,  fS-n-d\)h- 
thocjuincjue,  hydro(|uin(jne,  (juinone,  guaiacol,  resorcinol,  orcinol.  ])hloro- 
glucinol,  thymol,  o-cresol,  p-cresol,  eugenol,  gossypol,  a-nai)hth\lamine. 
diphenvlhvdrazine,  diphenylamine,  (li])henylguanidine,  j)hien\l-a-naph- 
thvlamine.  o-nitroaniline. 

Due  to  the  invoKed  nature  of  the  subject  it  would  be  im])ossible  in 
a  ])a])er  of  this  length  to  attem])t  to  discuss  the  fundamental  work  rela- 
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tive  to  the  theories  of  anti-oxygenic  action  and  anyone  desiring  such 
information  is  referred  to  the  original  articles.  A  discussion  of  the 
earlv  theories  on  anti-oxygens  will  be  found  in  a  i)ai)er  by  Moureau  and 
Dufraisse  (VJ2())  ;  later  modifications  are  found  in  ])apers  by  l>ackstrom 
(1927),  Mattill  (1^31),  and  Milas  (Vm). 

Attempts  to  ascertain  the  nature  of  the  substances  res])onsible  for 
anti-oxygenic  activity  in  natural  fats  and  oils  dates  from  the  work  of 
Mattill  (\927)  in  which  he  showed  that  wheat  oil  contained  something 
whicli  ])revented  the  oxidation  of  vitamins  A  and  \\.  This  anti-oxygenic 
aiti\it\-  was  considered  1>\-  Maltill  <hie  t«i  sterols  ])rescnt  in  ilie  (»il  and 
\\]]^  idea  a]  >]  u/ared  to  be  subviaii' iat  cd  later  1)\  the  fxperniient ->  <it  M  at - 
till  au'l  (."ra\\f<ir<l  (  1*'30)  m  which  it  ua^  dciiioMst rated  that  sterols  ironi 
corn  oil  ])rolonge(l  the  indueti<ni  period  n\  a  lard  cod  liver  oil  nnxture. 
lu^i  winch  \c'L;etal)le  -^ter(ils  are  re-^pi  uisiblc  l«»i'  tlii->  aiamn  lias  noi  been 
determined  due  to  the  dinicult\  of  their  separation.  Mattill  (1931) 
found  sitosterol.  prei)ared  from  three  different  ])lant  sources,  without 
,'fff'i'f    nv;  \vu<  ;dsf)  croosterol  and  cholesterf)l. 

Xot  all  wheat  oils  necessarily  i)ossess  anti-oxygenic  activity  accord- 
ing to  Roller  (UMl  ).  who  found  that  some  were  totally  inactive  in  this 
respect.  He  found  the  acetyl  values  of  the  active  oils  to  be  a])proxi- 
matelv  v30  as  com])ared  to  15  for  the  inactive  oils,  and  also  concluded 
that  the  anti-ox vgenic  activity  was  connected  with  the  "Oil  groujx 

Olcott  and  Mattill  (1031)  isolated  anrl  crystallized  an  anti-oxygenic 
material  from  lettuce  which  analyzed  for  a  molecular  weight  of  250,  and 
a  j)ossil)le  formula  of  C,:,II, ,()-,.  It  was  only  slightly  soluble  in  water 
and  petroleum  ether  but  soluble  in  ether,  acetone,  and  dilute  alkali.  It 
would  not  add  bromine,  nor  give  a  Libermami-l^urchard  test  although 
an  acetvl  derivative  could  1)e  formed,  l^ing  the  autoxidatir)n  method 
of  Mattill  frMl)  the  substance  had  an  anti-oxygenic  index  of  29  as 
compared  to  31  for  o-nai)hthol.  indicating  that  it  was  a  ])otent  anti- 
oxygen. 

Hilditch  and  Sleightholme  (1932)  have  attacked  the  problem  from 
a  somewhat  ditTerent  angle.  These  investigators  have  attem])ted  to 
determine  the  effect  of  the  treatment  of  fats  with  certain  reagents  on 
the  length  of  the  induction  jieriod.  They  founrl,  for  example,  that 
treatment  with  acpieous  1101  or  alkali  almf)st  eliminated  the  induction 
period  in  an  oli\-e  oil  sampU'  and  concluded  from  this  that  the  natural 
anti-ox\genic  substances  present  in  this  oil  are  water-soluble  ])roducts 
readilv  remoxed  bv  comparatixcly  mild  reagents.  Treatment  ol  the 
olive  oil  with  suljihuric  acid  increased  its  resistance  to  oxidation  indicat- 
\nil  the  possibilitv  that  the  suli)huric  acid  is  addc-d  at  the  double  bond. 
While  TTilditch  and  .'^leightholmc  otTer  no  suggestion  as  to  the  nature 
of  the  anti-oxvgenic  substances  naturallx'  ])resent  in   fats  and  oils,  they 
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make  the  pertinent  statement  that  it  is  not  Hkely  that  such  anti-oxygens 
belong  in  all  cases  to  the  same  class  of  substances. 

A  recent  notice  to  the  effect  that  Greenbank  had  discovered  and 
patented  a  new  anti-oxygen  capable  of  being  used  in  edible  fats  was 
recently  reported  in  Science  (News  Supplement,  Vol.  77 ,  No.  1991,  p.  6, 
1933).  In  attempting  to  determine  the  anti-oxygenic  substances  nat- 
urally present  in  fats,  Greenbank  isolated  extremely  small  amounts  of 
unidentified  organic  acids.  He  then  tried  adding  organic  acids  of 
known  coni}X)sition  to  oil  and  found  that  malcic  acid  added  in  the  \)Xi^- 
]u)rti()n  of  1  i)art  in  10,000  of  oil  would  K-ngthcn  the  keeping  ril)i]ity 
from  ?)-'':'  limes.  Hie  nirclianism  of  the  reaction  is  unknown  but  tlie 
suggestion  is  made  that  it  ])erliaps  o])erates  by  st()p])ing  the  formation 
of  ])eroxides. 

The  structure  of  malcic  acid  [CO.JI  .ClI :  CTT  .COJI]  differs  con- 
siderably from  the  j^reviously  noted  anti-oxygens  used  in  fats  which 
were  mostly  organic  amines  or  phenolic  compounds.  Since  it  is  such  a 
relativelv  ^iniple  rnmpound  ns  compared  with  the  nrrlinary  nnti-oxygens^ 
it  should  make  an  excellent  substance  for  the  study  of  the  mechanism  of 
anti-oxygenic  action. 

The  report  in  Science  on  maleic  acid  unfortunately  gives  no  details 
as  to  the  method  used  for  ascertaining  the  keeping  ability  of  the  oils 
treated  with  the  anti-oxygen.  We  have  determined  the  effect  of  maleic 
acid  on  the  length  of  induction  period  of  a  few  samples  of  open  kettle 
and  prime  steam  rendered  lard  and  have  found  that  maleic  acid  in  con- 
centration of  0.02%  and  0.27^^  did  not  appreciably  lengthen  the  induc- 
tion periods  of  the  lards  studied  when  autoxidized  at  90°  without  stir- 
ring. It  is  possible  that  in  the  case  of  some  oils  with  longer  induction 
periods,  that  the  effect  of  maleic  acid  would  become  more  pronounced 
since  the  report  in  Science  indicates  that  Greenbank  found  "  the  better 
the  quality  of  the  oil  the  longer  it  would  be  preserved."  It  is  also  pos- 
sible, of  course,  that  the  length  of  induction  period  as  determined  at 
90°  C.  does  not  give  a  true  picture  of  the  anti-oxygenic  effect  of  maleic 
acid  and  that  storage  tests  at  room  temperature  are  necessary. 

Lecithin  has  been  suggested  at  various  times  as  a  possible  anti- 
oxygenic  substance  in  fats.  Roller  (1931 ),  however,  found  that  lecithin 
did  not  lengthen  the  induction  period  of  oils  or  foods  containing  oils. 
We  have  obtained  results  similar  to  those  of  Roller  on  lecithin  and  also 
with  choline  derived  from  lecithin. 

At  the  present  we  must  consider  that  the  exact  nature  of  these  anti- 
oxygenic  substances  is  still  unknown.  The  isolation  by  Bruson,  Sebrell 
and  \'ogt  (1027)  of  three  natural  oxidation  inhibitors  in  rubber,  two  of 
which  were  sterols  (C.,,H,,0,,  and  C.,„H.,„0)  and  one  a  phenolic  com- 
pound illustrates  the  types  of  anti-oxygens  possible  in  a  plant  material 
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such  as  rubber.  The  work  of  jMattill  (1927),  Mattill  and  Crawford 
(1930),  Olcott  and  Mattill  (1931)  and  Roller  (1931)  suggests  the  pos- 
sibilities of  sterol  and  phenolic  compounds  as  anti-oxygens  associated 
with  the  plant  oils.  Hilditch  and  Sleightholme  (1932)  found  that  the 
natural  anti-oxygens  present  in  the  oils  they  examined  were  water- 
soluble  substances.  Greenbank  appears  to  consider  traces  of  organic 
acids  as  possible  natural  anti-oxygens  and  suggests  maleic  acid  as  such 
a  substance.  These  results  indicate  that  the  natural  anti-oxygens  may 
belong  to  several  types  of  substances  and  that  they  are  likely  sterols, 
plicnols  or  organic  acids. 

Tlic  idcntitication  of  the  natural  anti-oxygens  i)rc'scnt  in  fats  and  oils 
is  a  \c'r\-  ini])ortant  prolilcni  due  to  its  commercial  possibilities.  A 
knnwU'<lge  of  the  nature  of  these  substances  would  be  of  great  value 
inr  the  inttlligeiit  ]  )reser\  at  ion  of  tliese  natural  inhibitors  during  the 
processing  of  fats  and  oils  for  market.  There  would  also  be  the  possi- 
bility of  adding  natural  substances  to  fats  and  foods  without  ques- 
tionable T)hysiological  effects  on  the  consumer  or  the  prejudice  ajrainst 
the  addition  of  such  things  as  chemical  preservatives  to  natural  food 
materials. 
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The  increased  use  (luriiii?  tlie  last  IVw  xcars  (d"  more  irileiisive 
methods  for  the  brooding  and  rearing  of  chicks  lias  led  to  the  in- 
creased occnrnMice  ot  leg-l)oii<'  (U'forniilics  Ilia  I  are  cornnnjidy 
referred  to  as  Hock  Diseas<',  Slii)[)ed  Tendons,  Dci'orin.'d  Leg  l3ones 
or  Perosis.  Tliis  les  weakness  ap[)ears  early  in  Ihe  chick's  life, 
commonly  during  the  third  or  fourth  \ve<'k  hul  may  occur  at  lat«'r 
periods.  The  first  af)parent  symplom  is  a  t«Midency  for  the  chick 
to  rest  in  a  squatting  positi(jn  and  as  the  c(»ndilion  is  intensified, 
the  legs  of  the  afflicted  birds  present  a  bowed  appearance  and  in 
many  cases  th(!  liock  joint  beconx-s  tlallened.  The  tarso-metatarsi 
and  tibiae  become  slightly  bent,  a  condition  which  becomes  morr 
aggravated  as  the  birds  grow  oklor.  The  tendon  at  the  hock 
joint  may  slip  from  its  condiles  and  pioduce  a  disabled  joint  after 
which  the  tendon  usually  becomes  erdarged.  The  joints  may  or 
may  not  Ix'  filled  with  an  (excessive  amount   of  lluid. 

Hock  Disease  in  its  early  api)earance  was  cordused  with  rickets 
by  many  investigators  and  attemj)ts  were  made  t<»  combat  the 
disorder    bv     increased    adminisi  rat  ions    of    mineral    and    vitamin 


(•)  Publication    authorized  by    t lie  Diivrtor  of    tli<M».'niisylvania    Agiiniltural 
Experiment  Station  March  2,  193;j,  as  Tt'ciiiuial  Paper  X"  .")S4. 


supplemonts.  Sincn  tlioso  attonipis  mot  wiUi  failure,  invest is:a- 
tions  were  cunducted  at  sf^veral  Experiineiil  Stations  to  study  llie 
etiology   of   Hociv    Disease. 

It  has  been  definitely  eslabiisiHMl  by  workers,  at  this  and  oilier 
Experiment  Stations,  tliat  the  abnormality  is  not  I'achitic  in  na- 
ture (I),  (2),  (3),  (4),  (T)).  The  blood  detcuMuinat  ions  as  re^'ards 
calcium  nnd  phosphorus  and  the  b(tn<'  findings  so  tar  as  calcium, 
phnsphnrns  and  bone  ash  i\\r  concci'iitMl  fall  wiltiin  lln'  normal 
range.  I  lish  il<»gi('al  "'x.niiina  I  ii  mis  *>['  Ihf  h<in<'s  I'l'tim  hnck  di>ca-''i| 
t)n'(l<  ha\t'  r»'\t';i  led  lit  lie  ct'Liiirdiim'  l!n'  cause  i  if  piT\cii  lii  mi  (i|  llic 
disdi'der.  'i'lie  miiiei'ai  ejenieiils  m  llie  ralioti  and  |  .a  rl  icnlarlx 
the  le\'e|<  n\  cali'iiiMi  aiid  |  iIk  •>[  •!  p  ai  i  >  lia\e  beiai  >Iim\\!i  h\  -excral 
iii\'esl  iga  b  )i-s  \n  be  (•(  >n  I  n!  Ml  I  ini:'  laelui>  m  I  he  pnidiielmn  (i|  jhe 
aljiiormalit  \'. 


EXPrJUMICNTAL 

All  investigational  work  re|)orted  in  this  paper  was  c<n'ried 
out  with  Single  (loud)  Wliite  Leghorn  chicks  coidine*!  in  battei-y 
brooders.  Th(3  decks  of  the  brooders  were  floored  with  one-half 
inch  mesh  ware  screens  and  were  so  divided  that,  each  group  i)[ 
birds  was  confined  In  an  area  of  ap[)roximately  720  squai'e  inches. 
The  cldcks  were  weighed,  wing  band(Kl  and  placed  in  llu'  catteries 
within  a  few  luairs  after  the\-  w-ere  taken  from  tli(^  incubator.  A 
maximum  of  t  hirt  y  chicks  wcrt;  used  in  each  group,  alt  hough  in  some 
instances  the  groups  were  made  uj)  of  a  fewer  mimber  of  individuals. 
F^M'd  was  ])lace<l  before  t  h(>  chicks  as  soon  as  they  were  put  in  \\u) 
batteries  and  k<'[)t  bef(jre  them  at  all  times.  Tlu^  jjens  werr'  st) 
lighb3(l   that   a   tweidy-four  hour  f(!eding  p(M'iod  was  alforded. 

laider  i)i'evious  obsei'\'at  ions  the  bas.al  ration  comj)ose(l  of 
ground  yellow  corn  71,  wheat  nn'ddlings  5,  allalfa  meal  3,  dried 
skim  ndlk  1."),  nu'at  scrap  2  y^,  lish  meal  2  '2,  and  cod  liver  oil  I, 
in  its  suj)phMnented  f(U'm,  did  iKtt  prodnce  Jbick  iJisease  in  Single 
(^ond)   White   i^eghorn   chicks  confined    |o   battery   brooders. 

The  basal  ration,  when  su[)plemerd(Ml  with  2  '*[,  of  bone  meal, 
produced  a  large  numlier  of  cases  of  Jlijck  Disease  but  if  '1  •'„  of 
bone  meal  was  add(Ml  to  the  basal  diet,  a  fnrthei'  increased  mimber 
(»f  cases  occui're(|.  Two  j)er  cent  ot  bone  meal  in  combination 
with  2  %  (»f  calcium  carbonate,  added  to  the  basal  I'alion,  produced 
results  almost  as  disastrous  <as  when  i  '*„  of  bone  meal  was  used. 
Four  per  cent  of  calcium  caibonale  added  lo  the  basal  ration  resul- 
ted in  a  high  j)erc(Mdage  of  (hdormed  bii'ds.  When  2  ";,  of  bon»' 
meal  and   1.5  %  of    mcuiobasic  sodium    phos[)hat<'  wei'e  used  in  con- 
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bination,  a  large  proportion  of  the  birds  became  affiicled.  The 
bone  meal  used  was  a  good  grade  of  steamed  bone  meal,  the  calcium 
carbouat<'  was  a  finely  ground  limeston(%  and  the  sodium  phosphate 
was  of  (1.  P.  (ch(Muicall>  pure)  quality.  .VII  supplements  to  the 
basal  ration  were  made  at  the  cxi)ense  of  th«'  corn,  and  results 
are  based  on  the  nund)er  of"  birds  alive  a  I  the  vml  of  the  <S-we(dv 
])eriod.  The  following  table  (Table  I)  gives  the  I'csulls  obtaim'd 
when  the  basal  ration  was  siipplemerde(|  with  \arioiis  levels  of  the 
iiiilie|-al    siippletiHMi  I:-. 

In    idluM'    e\  perainen  hi  I    \\nik    a!     Ilii^    SlalitMi     llie    ob-;('i'\a  I  i(  mi 

\\il<     made     Ilia!      llie     0('(MIITenee     ot     I  lock      Dl--e,i<r     \\;is      le>S(Mied     (  M' 

pi'e\'eiiled  enln'ely  when  ^i\  parts  nf  oiij  Inill-^  leptaced  an  e([(ii- 
\aleiit  anioiMil  ff  cnrn  meat  in  the  i.,i.-,il  falion.  (liiMind  o,il  Indis. 
added  !<»  I  he  I'a  t  ion  a  I  a  le\'e|  of  Jd  ",,.  are  likely  to  result  m  a  reduced 
growth  rale,  ();it  feed  which  is  chiefK  hulls  but  contains  some  oat 
nuddlings  was  found  to  be  elfectiN'e  in  the  pre\'enti(Mi  of  Hock 
Disease.  A  decreased  growth  rate  was  not  abtained  as  was  some- 
limes  expei'ienced  when  oat  liidls  were  used.  Ten  [X'r  cent  of  ,oal 
feed  wdien  added  to  the  basjil  diet  was  foimd  to  be  insiilficient  to 
prcwM'ut  Hock  Disease  when  the  basid  diet  contained  2  %  of  bone 
mt^al.  Table  II  shows  the  elTect  of  oat  U'r(\  in  pi'evenling  Tlock 
Disease  when  varying  auKMints  ot  Ixaie  meal  are  added  lo  the  basal 
ration. 

Disci  ssioN   of    Ki:si  i/rs 

Exannnalion  of  Table  I  will  show  that  a  large  percentage  (tf 
Hock  Disease  cati  be  produced  on  a  variety  of  le\-els  and  rations 
of  calcium  and  |)hos[)horus.  Two  |)er  ceid  of  bone  meal  added  to 
the  basal  di(d  caused  II(jck  Disease  to  appear  in  T)!)  ^'„  of  the  birds 
under  observation.  i^'oiir  per  cent  of  bone  meal  in  the  basal  di(d 
increased  the  mnnbej-  of  def(U'me(l  indixiduals  to  (S8  '/„.  Sodium 
phosphate  and  bone  meal  in  cond)ina  I  i(tn  while  not  essentiidly 
changing  llu'  cidcium-phosphorus  ratio  from  that  of  the  unsup- 
l)lemeided  basal  rati(Mi,  prodiu'ed  an  average  of  DO  ",,  of  defoi'med 
birds  as  compared  to  none  for  the  basal  i'alion.  Two  per  ceid  of 
calcium  carbonate  added  lo  the  basid  ration  produced  W  **„  of 
atllicted  birds  while  a  cond»inalion  of  2  '*„  of  bone  meal  and  2  *\, 
calcium  carbonate  caused  l)(i  '*,,  of  the  birds  lo  show  detinite  s\  nip- 
toins  of   Hock    Disease. 

Table  II  indicates  thai  2<>  '\,  of  oat  l'rv(\  <U'  oat  hulls  was 
tillective  in  prexcnling  Hock  Disease  in  the  |)reseiice  of  either 
-  ^'r  '1  "„  (if  bone  meal  in  the  r-ation.  When  '1  '*„  of  Ixaie  meal 
was  added  lu  the  liasal  rali(Mi,  8S  "\,  (tf  the  chicks  Ijecame  alfecled 
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Table   1. 


The  effect,  oj  mineral  supplements  on  the  experimental 
prodnction  of  Hock  Disease. 


ZJ 


y. 


I  .V.  of 
Additions  to  basal  ration      |  indivi- 

!  duals 


.\".  of 

birds 

altlict- 

cd 


am*ict- 
cd 


lUl 
VI  \ 
12S 
132 
102 
105 
112 
115 
US 
120 
121) 
133 


None     .  .     .     . 

No  110     .  .     .     . 

Ndlio      .  .     .     . 

Xdlli'      .  .      .      . 

•^^  '*,,  hiiiic  nioa! 

•J  '\,  l)(iiii'  iiiral 

Hilio  llir;i! 


1  ( »4 
jo'.) 
121 
130 
13'. 
14J 


H>;} 

li:} 
ll*» 


J 11 
no 


'^  ",,  Ik  lilt'    meal 


(» 


: )  (1 1 1 1  ■    1 1 1  o ; I ) 


2<\,  bdiio  meal 

2'*o  i^^'fi*'  iiioal 

2%  bone  meal 

?<'„  hoTio  I  Ilea  I 


25 

1 

0 

20 

0 

20 

0 

20 

0 

23 

13 

21 

13 

19 

1  1 

23 

12 

22 

11 

21) 

IS 

25 

15 

11) 

12 

21) 

13 

Total 

A\'<'i'ag('   pel'  VA'iil 
alllJctcd     .    . 


'i^(')  bono  meal 

'j  %  bojio  meal 

4%  bf»ii('  iiiral 

4%  buiio  inoal 

4  "o  t^«>ii''  meal 

4  "i,  bdiio  iiioal 


2  1  ( » 


21) 
2:i 
11) 

2S 


Tola! 

Axcrago   |)or  ('out 
allliclod     .     .    . 

2"o  l)*'ii''  iii''h1  idiis  1 .5\'„ 

sodiniii  pli(»si)lial('  . 
2'^'o  Jxiiir  iiioal  plus  1.5^;,, 

sodium  i)li()spliat('  . 
2<\)  bono  luoal  plus  i.5**o 

sodium  i)lios])lialo  . 
2<\,  bono  nioal  plus  1.5<\, 

sodiuiu  i)hos]diato    . 

Total 

Axcrairo   poi'  coiit 
atlliidod     .    .    . 

2*\)  cab'iuiu  oarboiialo  . 
2<\,  bouo  uioal   plus  2'\, 

calriuiu  c.ai'boiudo  . 
2*',,  bono  moal   plus  2% 

oalciuui   carboualo  . 

Tola! 

A\'oi-af^o   per  colli 
alllictod      .     .     . 


14:i 


118 


20 
20 
27 
20 
1(1 


127 


■)■) 


•>  'i 


11) 


24 


81) 


')•) 


25 


24 


20 
21 

ir, 


23 


SO 


•)') 


'.D 


,  o 

Calci- 
iiiii  in 
I'ation 


o 


Phus- 

pliorus 

in  ration 


Ca  :  l> 
ratio 


o 
o 
o 

•  '.2 

5S 

52 

50 
(■>2 
()0 

r.3 

45 


5(1 


I)    .(•♦•2 


".•> 


l.sdi 


88 


1.2(12 


DO 
'.1 

ss 


1.4 'i  2 


i'  •>  n'. 


1)2    \ 

w 

j 

DO 

2.0'.  1 


;)S/ 


1.13:1 


.Si,-: 


1.  it.;l 


1.137 


1.(14:1 


1.11)5 


.582 


1.0(1:1 


2.'iS:l 


,S57    I     2.38:1 
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Table   IT.  —  The  effect  of  oat  hulls  and  oat  feed  additions  to  the 
ration  in  the  prevention  of  Hock  Disease. 


s 

p. 

X°.  of 

X».  of 
birds 

/o 

o/ 

(Jaici- 

% 

Phos- 

Ca:P 

o 

Additions  to  basal    ration 

indivi- 

afllict- 

afllict- 
od 

um  in 

pliorus 

ratio 

0* 

1 

duals 

(3  d 

ration 

n  ration 

y 

i 

13D 

2"o  ^>'*'i''  ""'''l  '"'^'^^  -*''*o 

1 

i 

oat    tiulls 

17 

0 

0 

1 .2D8 

.81)2 

l.i(l:l 

137 

'i  ",,  l)oiio  iHoal  and  2"",, 
oat    liuiis 

Id 

0 

0 

1  .^DS 

1 . 1  5  ; 

l.(>'i:l 

IdS  i 
111 

V",,  jxiiio  iiioal  ,nid  20";, 
iia!     locd          .... 

2^„  bono  iMiMi  .iiiij  ■!''",, 
oat    I'ood 

0 
0 

0 
0 

I  Id 

2"„  i)OJio  inoai  and  2o<',, 

oat    b'cd 

2i 

1 

4    ' 

122 

2";,  bono  moal  and  2o"o 

1 

oat  food    

'^^ 

1 

'i 

1.21)8 

.81)2 

1.4(1:1 

125 

:>%  bone  meal  and  2o'*;, 

oat   rood    

20 

0 

0 

138 

2^;;^  bono  moal  and  20";, 

oat  food    

11) 

0 

0 

142 

2^;,  boiK!  moal  and  20'\, 

1 

oat  food     

30 

0 

(J 

Total 

1(13, 

•> 

Per  ('out    allliclod  .    .    . 

.  . 

•  • 

1 

130 

4%  bono  moal  and  2o'\, 

oat    food     

ID 

1 

.) 

[  1.81)8 

lid 

i"„  boio'  iiH'al  ami  2o'\, 

1.157 

l.(li:l 

oat    lood     ..... 

2  \ 

0 

( 1 

Total 

\\\ 

1 



Per  ci'ut  alllictod    .    .    . 



o 

123 

2*\,  bono   moal    and   oat 

1 

f^ 

food  asb  [(i)  .... 

,        '~^ 

1 1 

4  1 

,        '^'■) 

('•) 

'S) 

117 

2<\,  bono  moal  and  l^.xl. 

oat    food  [b]  .... 

2i 

1 1 

4(1 

'     'n 

{<•) 

{'') 

147 

2",')  bono  moal  and  l^xt. 

i 

1 

i 

oat    tood  [}))  .... 

25 

1 

W) 

52 

^rotal 

il) 

2i 



Per  cent  alllictod   .    .     . 

1 

*     ' 

i       •  • 
1 

;    4D 

1 

(aj  (»at   trod  charrrd  and  atldfd  to  llie  ratiiai  in  amount  (■(luivab'nt   to  ^^0"^  ''f 
the  original  oat    fot-d. 

(b)  Oat    food  dii:(!Stod  with    w<',ik    a<'i<l    and  aliaiii  and  added  to  the  ration  in 
amount  oquivalont  to  2o%  of  ttio  urii-'inal  <jat  focd. 

(c)  Undi'f t'riniut.'d. 
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but  wlien  20  parts  of  oal  fe<Hl  replaced  20  parts  of  corn  the  condition 
was  r(Hluccd  to  2  %.  Wlicii  2  %  nf  \umv  meal  was  added  (o  llie 
basal  diet  56  %  of  the  l)irds  were  atllicled  but  when  a  fiirllier  addi- 
tion of  20  parls  ol*  oal   feeci  was  macte,  ttu?  lroid)le  was  reduced   t(. 

1  %.  TiTi's  (5)  lias  found  that  ric(»  bran  exerts  a  proleclive  action 
against  Hock  Diseases  and  tliat  10  %  of  this  material,  nnder  his 
exf)(^rinuMilal  conditions,  was  qnile  elleclive.  Obviously  I  he  ft'ediajr 
of  such  malerinis  as  rice  bran  <ir  oal  feed  has  lillle  elTecl  on  the 
Cidciiini  and  ph(»s[)h<trn>  le\els  <'!'  Ihc  ralioii.  Sinet'  Miere  was  llif 
])(>>sil)ili(\  llial  ilii'  lilM-r  m  lie'  «»;il  hull  \\a-;  Ilic  pic\  rii  i  ixc  a,i;t'ii|. 
this  p()ssihilil\  was  fxcliidt'd  h\-  ex  I  i-acinii:  (pianlilir-  n[  nal  feed 
wilh  dihile  and  and  alkali.  Tlie  lecdni.u  nf  Ihr  rxh-acted  residue 
III  an  aiiHMinl  ctpi  i\a  it'ii  i  hi  -Ji*  ",,  of  ihe  mii^ih.iI  iiiajt'rial,  showed 
llial  oal  feed  Ihiis  I  rea  I  ed  no  Iniii^cr  possessed  I  hr  prop<'rl>  of 
preventing   Ilock    Disease    in    Ihe    basal    ralion    in    I  in'   |)resence   of 

2  %  of  bone  meal.  U  is  noi  probable  thai  the  benelicial  elVecl 
of  oal  h'(Ml  is  due  to  ash  ingredients  because  Ihe  feeding  of  cliarred 
oal  fed.  equivalent  to  20  %  of  the  original  material,  showed  that 
it  iiad  l<»st  its  power  foi*  preventing  Hock  Disease.  Hesearcli 
work  iind(U'  way  at  the  present  lime  indicates  Ihat  the  beneficial 
elh^ct  of  oat   feed   may  be  ([ui}  to  its  })hysical   properties. 

(^ONCLI'SIONS 

Hock  Discijse  in  baller\'  brooded  Single  (loud)  While  Leghorn 
chicks  can  be  caused  or  jirevented  b\  mineral  adjnslmenis  in  tlie 
ration.  The  abnoriualitx'  can  ben  produced  b\'  additions  to  tlie 
basal  ration  nf  calcium  or  phosphorus  or  both  and  can  be  brought 
aboul  luider  a  vari(?ty  oi  calcium-phosphorus  ratios,  r'inely  ground 
oat  hulls  possesses  some  property  of  prevention  of  Hock  Dis(^as(^ 
even  under  urd'avorable  mineral  conditions.  This  pro[)ert\'  cannot 
be  (explained  on   th(^  basis  of  the  liber  ov  ash   conleni    of   tin'  hull. 
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Relative  Utilization  of  Calcium  from  Calcium  Carbonate  and  Cal- 
cium Gluconate  by  Chickens. 

J.  E.  HUNTER,  R.  ADAMS  DUTCHER  and  H.  C.  KiN  AW  DEU 
From  the  Departments  of  Agricultural  and  Biological  Chemistry  and  of  Poultry 

HushaTidry,  the  Pennsylvania  State  College. 

Numerous  investigations  have  indicated  that  the  chicken  mav 
use  a  number  of  forms  of  calcium  for  its  metabolic  needs.  Workers 
at  the  Kentucky  Experiment  Station'  studied  calcium  carbonate, 
calcium  lactate,  calcium  sulphate,  tri-calcium  phosphate  and  calcium 
chloride  as  sources  of  calcium  for  chickens  and  found  that  calcium 
carbonate  was  the  most  efifective  judg^ed  by  the  decree  to  which  it 
was  utilized  in  the  production  of  e^gs,  its  influence  on  the  weight  of 
tgg  contents  and  shells,  and  quantity  of  the  salt  consumed.  Calcium 
sulphate  was  not  so  effective  as  the  carbonate  as  shown  l)y  a  smaller 
egg  production  and  lower  weight  of  shells  and  tgg  contents.  Cal- 
cium lactate  was  readily  utilized  but  the  quantity  consumed  was 
variable  and  small  as  compared  to  the  carlx)nate  and  sulphate.  Only 
small  quantities  of  calcium  chloride  were  consumed  and  the  pre- 
cipitated tri-calcium  phosj)hate  was  not  a  satisfactory  source  of 
calcium  for  ^g^  production  as  compared  to  calcium  carlxmate.  The 
above  mentioned  salts  were  fed  as  supplements  to  a  wheat,  yellow 
corn  and  skim  milk  ration. 

Bethke-  and  his  associates  state  that  no  difference  was  found  in 
the  availabiHty  of  calcium  in  the  carlK)nate,  sulfate,  lactate  and 
phosphate  salts  when  itd  to  chicks  on  a  basis  of  ecpial  calcium 
intake  on  a  minimum  recjuirement  l)asis. 

As  calcium  gluconate  is  a  readily  sokil)le  salt,  it  was  thought 
desirable  to  study  it  as  a  source  of  calcium  as  com})ared  to  calcium 

'  Bueknor,  G.  D.,  Martin,  J.  II.,  and  Peter,  A.  M.,  J.  Agr.  Kes.,  1928,  36,  263. 
-Bethke,  R.  M.,  Kennard,  I).  C,  and  Kick,  C.  II.,  Poultry  Science,  1929,  9,  45. 
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carbonate,  since  the  carbonate  is  the  commonly  used  source  of  sup- 
plemental calcium  for  poultry.  The  following  studies  include  both 
growing  chicks  and  laying  hens. 

Two  groups  each  consisting  of  81  day-old  Barred  Rock  chicks 
were  placed  in  ])attery  brooders  and  given  rations  that  differed 
only  as  to  the  source  of  calcium.  Group  I  received  calcium  car- 
bonate as  its  su})])lemental  source  of  calcium,  while  (iroup  II  re- 
ceived calcium  gluconate.*  These  salts  were  incorporated  with  the 
ration  which  was  fed  in  all-mash  form  and  kept  iKM^ore  the  birds  at 
all  times.  Table  1  gives  the  make-up  of  the  starting  and  growin;^ 
ration  as  well  as  the  ration  used  for  the  laying  birds  in  the  second 
part  of  the  experiment. 

TABLE  I 


Starting  and 

growing  ration 
Ration  I           Ration  II 

Laying 
Ration  I 

ration 

Ration   II 

Ground  yellow  corn 

34.5                    35.2 

27.9 

29.46 

"        wheat 

15                       15 

15 

15 

oats 

20                       20 

20 

20 

Alfalfa  meal 

10                       10 

10 

10 

Meat  meal 

5                         5 

5 

5 

Fish    " 

5                         5 

5 

5 

Dried  Milk 

5                         5 

5 

5 

Calcium  carbonate 

1 

2.2 

"        gluconate 

4.32 

9.5 

Sodium  phosphate 

.8 

.8 

Commercial  sucrose 

4 

8.9 

Cod  liver  oil 

.5                        .5 

.2 

.2 

100                      100 

100 

100 

%  calcium 

1.38                     1.40 

1.86 

1.88 

%  phosphorus 

0.657                  0.662 

0.848 

0.851 

The  sugar  was  added  to  the  calcium  carbonate  rations  to  compen- 
sate for  the  gluconic  acid  carried  by  the  gluconate  rations. 

The  males  were  discarded  at  the  end  of  6  weeks,  and  at  8  weeks 
of  age,  8  pullets  were  removed  from  each  group,  the  left  tibia  was 
dissected  from  each  and  bone  ash  determinations  made  on  the  oven 
dry  fat- free  tibiae.  Group  I  exhibited  an  average  bone  ash  of 
49.87r7,  (iroup  II  a  bone  ash  value  of  48.9%.  Since  vitamin  1)  had 
l)een  supi)lied  in  ample  (piatUity  it  was  thought  advisable  to  study 
the  bone  ash  of  birds  that  had  been  fed  the  same  rations  as  were 
fed  to  Groups  I  and  II  but  to  restrict  the  cod  liver  oil  to  0.10%  of 
the  total  ration.  Previous  observations  had  shown  that  when  this 
level  of  cod  liver  oil  was  administered,  many  birds  l>ecame  rachitic 
at  an  early  age.     Two  groups  of  15  chicks  each  were  used  in  this 

*  The  calcium  gluconate  used  in  the  study  was  obtained  through  the  courtesy 
of  Rohm  and  Haas  Co.,  Inc.,  of  Bristol,  Pa. 
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study  and  when  bone  ash  determinations  were  made  at  8  weeks, 
the  birds  receiving  calcium  carbonate  had  an  average  l)one  ash  of 
37.6  and  the  ones  receiving  calcium  gluconate  had  an  average  bone 
ash  of  39.2    No  further  studies  were  made  with  these  birds. 

When  the  birds  that  were  started  on  the  original  experiment  were 
22  weeks  old,  they  were  taken  from  tlie  batteries  and  12  birds  from 
each  group  were  placed  in  iiidividual  conipartniciUs  ot  laying  cages. 
At  this  time  the  average  \\eii;hts  of  the  birds  in  Groups  I  and  1 1  were 
1,450  gm.  and  l.S.'^S  gm.,  respectixely.  The  results  with  growing 
chicks  are  in  agi'eenient  with  those  ot  Mart'  and  as--ociates,  who 
compared  calcium  carbonate,  calcium  sulfate,  bone  meal,  rock  ])hos- 
phate,  dicalcium  phosphate  and  calcium  gluconate  as  sources  of 
calcium  for  the  growing  chick  in  the  presence  of  ample  quantities 
of  vitamin  D.  They  state  that :  "These  findings  indicate  clearly 
that  it  cannot  be  assumed  that  one  form  of  calcium  is  l)etter  than 
another  for  animal  feeding  because  it  is  more  soluble  in  water.  The 
rate  of  solution  of  calcium  salts  in  the  animal  intestine  is  sufficient, 
even  in  case  of  the  more  insoluble  compounds  to  make  all  forms 
equally  effective  to  the  animal  provided  adecjuate  vitamin  D  is 
present." 

The  rations  fed  to  the  birds  after  they  were  placed  in  the  laying 
cages  differed  only  slightly  from  the  rations  they  received  during 
the  growing  period.  It  was  necessary,  however,  to  add  more  cal- 
cium to  the  ration  to  take  care  of  the  increased  demand  for  calcium 
for  the  production  of  ti:^^  shells.  The  phosphorus  content  of  the 
rations  was  also  raised,  by  the  addition  of  sodium  phosphate.  It 
was  felt  that  in  this  study  any  differences  that  might  result  from  the 
use  of  the  2  salts  would  l)e  more  apparent  if  vitamin  D  were  sup- 
plied in  limited  amounts,  consecpiently  0.2%  of  cod  liver  oil  was 
supplied  in  the  ration  which  was  fed  as  all  mash  and  kept  before 
the  birds  at  all  times.  This  amount  of  cod  liver  oil  furnished  vita- 
min D  in  quantity  less  than  that  required  for  good  q^^  production 
from  birds  denied  access  to  sunlight.  The  laying  birds  in  this  ex- 
periment were  housed  in  a  l)asement  rcjom  and  any  sunlight  reach- 
ing them  was  filtered  through  window  glass.  The  composition  of 
the  ration  used  for  f^g<^  production  is  given  in  Table  I. 

After  Qgg  production  started  the  following  data  were  collected: 
number  and  weight  of  eggs  produced,  weight  of  shell,  weight  of 
shell  ash,  and  in  s(Mne  cases  the  calcium  level  of  t^^^^  contents  was 
determined.     Limited  studies  were  also  made  on  the  hatchability  of 


^  Hart,  E.  B.,  and  Deobald,  H.  J.,  Wisconsin  Bulletin  421. 
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eggs  and  livability  of  the  resultant  chicks.  The  birds  continued 
on  the  study  for  12  months  after  egg  production  started  and  egg 
shell  studies  were  made  except  for  2  months  during  which  time  the 
eggs  were  used  for  hatchability  studies.  The  determination  of  cal- 
cium in  egg  contents  was  not  started  until  after  the  birds  had  l>een 
in  production  for  3  months  and  was  discontinued  while  the  eggs 
were  being  used  in  luitchabiHty  -tudies. 

b:ggs  were  collected  daily  and  were  weighed  the  following  day. 
at  which  time  the  shells  were  removed,  washed  free  from  adhering 
contents,  dried  to  constant  weight  and  ashed.  For  the  most  ])art 
the  shells  from  a  numl>er  of  eggs  were  pooled  for  the  ash  determina- 
tions. Table  II  gives  the  shell  and  shell  ash  determinations  by 
mo-ni-hQ  fVip  npf^euta o-p<;  beinp^  based  on  the  weiehts  of  the  origfinal 
eggs.     Table  II  also  includes  results  of  calcium  determination  on 

egg  contents. 

TABLE  II  


Shell  Shell  Ash  Ca  in  egg  contents 

Month  Group  I       Group  II       Group  I       Group  II       Group  I    Group  II 

%  %  %  %  %  % 


1 

7.9 

8.8 

4.1 

4.7 

2 

8.3 

8.5 

4.3 

4.5 

8 

7.6 

8.5 

3.9 

4.4 

.051 

.053 

4 

8.0 

8.9 

4.1 

4.5 

.050 

.053 

5 

8.1 

9.0 

4.3 

4.7 

.051 

.053 

6 

8.0 

9.1 

4.2 

4.8 

.050 

.053 

7 

8.3 

8.8 

4.5 

4.7 

.050 

.052 

10 

8.4 

8.9 

4.6 

4.9 

.050 

.052 

11 

8.3 

8.8 

4.4 

4.6 

.050 

.052 

12 

8.3 

8.7 

4.3 

4.5 

.051 

.052 

Average 

8.13 

8.79 

4.27 

4.62 

.050 

.053 

Calcium  determinations  were  made  on  pooled  samples  of  eggs 
from  the  2  groups  and  in  order  to  obtain  a  representative  sample, 
the  eggs  were  broken  and  stirred  for  10  minutes  with  an  electric 
stirrer  l:>efore  samples  were  taken  for  analysis.  The  contents  of 
eggs  produced  by  Group  I  had  an  average  analysis  of  .050%  cal- 
cium and  the  eggs  produced  by  Group  II  had  an  average  of  .053^0 
calcium  for  the  8  months  during  which  these  determinations  were 
made. 

Since  it  was  observed  that  the  calcium  level  of  the  egg  contents 
was  somewhat  higher  in  the  group  receiving  calcium  gluconate,  it 
was  thought  desirable  to  determine  the  relative  amounts  of  thick 
and  thin  albumen  present  in  the  eggs  produced  by  the  2  groups  of 
birds.  This  was  done  using  the  method  and  apparatus  described 
by  Hoist  and  Almquist.* 

4  Hoist,  W.  F.,  and  Almquist,  H.  J.,  Hilgcurdia  6,  48,  1931. 
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Group  I  produced  an  average  of  105  eggs  per  hen  during  the 
year,  with  an  average  weight  of  50.1  gm.  per  egg,  while  Group  II  in 
the  same  time  produced  an  average  of  115  eggs  with  an  average 
weight  of  50.5  gm. 

Seven  birds  out  of  the  12  in  Group  I  that  were  started  in  the  sec- 
ond part  of  the  experiment  survived  and  8  birds  of  the  12  that  were 
started  in  Group  II  were  alive  at  the  completion  of  the  study.  All 
hens  were  individually  mated  and  observations  made  as  to  the  fer- 
tility and  hatchability  of  eggs  prcxluced  by  the  2  groups.  The  fer- 
tility in  both  groups  was  (juite  low  but  no  difference  between  the 
groups  was  noted.  The  hatchability  of  fertile  eggs  was  satisfac- 
tory for  both  groups.  Because  of  the  small  number  of  birds  in- 
volved, the  hatchability  data  are  not  presented. 

In  the  presence  of  ample  vitamin  D,  calcium  gluconate  seems  to 
function  as  well  as  calcium  carbonate  as  a  source  of  calcium 
for  the  growing  chick.  The  same  is  true  when  these  supplements 
are  supplied  in  rations  where  vitamin  D  is  limited.  The  birds  re- 
ceiving calcium  gluconate  grew  slightly  l^etter  than  those  receiving 
calcium  carbonate.  In  rations  fed  to  the  laying  hen,  where  vitamin 
D  was  supplied  in  quantity  less  than  the  optimal,  calcium  gluconate 
appears  to  be  somewhat  more  efiPicient  than  calcium  carlx)nate  in 
the  formation  of  egg  shell,  as  evidenced  by  greater  weight  of  egg 
shell  and  a  higher  percentage  of  shell  ash.  Calcium  gluconate  un- 
der the  conditions  involved  in  these  experiments  also  caused  a  greater 
deposition  of  calcium  in  the  inner  parts  of  the  egg.  It  has  been 
generally  believed  that  the  calcium  content  of  the  interior  parts  of 
the  egg  is  constant  and  not  influenced  by  feeding  or  other  treatment 
of  the  hens,  but  Hughes  and  associates^*  were  able  to  raise  the  cal- 
cium level  of  the  egg  contents  by  irradiating  the  hens  producing  the 

eggs. 

During  the  first  few  months  that  observations  were  made  on  the 
amount  of  thick  white  present,  it  appeared  that  the  eggs  produced 
on  the  calcium  gluconate  ration  had  a  higher  percentage  of  thick 
white  than  those  produced  on  the  calcium  carbonate  ration.  This 
difference  tended  to  lessen  as  the  study  proceeded  and  the  average 
percentage  of  thick  whites  from  the  2  groups  was  not  substantially 
different  when  calculated  for  the  entire  period. 

Due  to  differences  in  the  calcium  content  of  the  2  salts  studied, 
It  was  necessary  to  use  more  than  3  times  as  much  gluconate  as  car- 
bonate to  maintain  an  equal  calcium  level.     The  use  of  calcium 

f*  Hughes,  J.  S.,  Payne,  L.  F.,   and  Latshaw,  W.  L.,  Poultry  Science,   1923, 
8,  151. 
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gluconate  in  such  amounts  as  were  used  in  this  study  is  likely  to 
be  impractical  from  a  cost  standpoint,  but  it  would  be  desirable  to 
determine  whether  or  not  the  gluconate  has  a  supplemental  effect 
when  the  major  part  of  the  calcium  in  the  ration  is  furnished  by 
calcium  carlx)nate  or  some  other  source  of  calcium.  The  level  of 
vitamin  D  was  decidedly  lower  than  the  optimum  level  and  it  i^ 
possible  that  the  birds  could  function  as  well  as  they  did  under  the 
conditions  of  this  ex|)€riment,  if  lower  levels  of  calcium  were  u>e(i 
in  the  presence  of  ample  vitamin  I). 

Idle  nun]l)er  of  birds  invoU'ed  in  the  e,i;,^'  production  >tU(lies  \v;i^ 
quite  small  but  the  differences  ol)served  in  shell,  shell  ash  and  cal- 
cium level  of  the  egg  contents  seem  to  Ije  significant. 

Summary.  Calcium  carlx)nate  and  calcium  gluconate  seem  to 
function  with  equal  efficiency  as  sources  of  calcium  for  the  growing 
chick  when  equivalent  amounts  of  calcium  are  supplied.  With  the 
laying  hen  the  calcium  gluconate  seems  to  function  slightly  more 
efficiently  than  the  carbonate,  as  evidenced  by  increased  egg  shell, 
shell  ash,  and  an  increase  of  calcium  in  the  egg  contents. 
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GEN, PHOSPHORUS,  AND  POTASSIUM  P>Y  APPLE  TREES 
GROWN  IN  (CYLINDERS  AND  SUHJEC^TED  TO  DIFFER- 
ENTIAL TREATMENT  WITH  NUTRIENT  SALTS' 

H\     \\  AI/rKK    TllOM  \> 

l\'-i,f(  ssor  (if  jih  iiiorhi  tiiislni,  /  'en  nsi/lrd  n  iti  Afir/cull  u  nil  i]x  jx  rinicut  Slalinn 

INTRODFC^TION 

?  In  a  foooiit  p.-ipor  llio  wiiloi-  (.in  '  pfoscnt od  d.-iDi  on  tlio  coniposi- 
tioii  <»t  ill*'  sou -on':-  l)i;i  noli  Lirow  I  h  ;i  I  <iio<'os->i  vc  poriocU  (d'  i  lio  l:"i<»\\  t  li 

i'\r\r  ill   lo|;i  I  l(  )[|    t  .  1   I  ho    \  ("jcl  ;l  I  !  \  (■  ;i  Mi  1    ic  p  rru  I  i !  c  I  1  \  o   r.'-p.  m-e-  of  ;i  pplc 

live--  -uli|oolo(l    (('   I  ro;i  I  noui  I    wilii   (lilleicnt    (■(  on  lo  n;i  i  loii-  nf  [Milrienl 

,;ljl-,  W  holl  u  l(  i\S  II  !l!  Illfl  ;i  I  o\  I  llidci-.  d'lio  pi  r-ell  I  p;l  poi'  lop.trN  t  lie 
;,,l;ll  allinlilll-  <d  ni!!(cron,  plin-pl|(  i|ii-.  ;iri(l  pn!;i--|l||ii  i;i-  \,  l'()  , 
.|!li]  i\  (  )  ale-(iri)Ot|  (illllllL:  the  wlioic  o-_\eiir  Ll'loWlll  |)Oi'10»d  l)\  ;i 
irnre-oiii  a  1 1  \  <'  t  lo-o  iiiidofoaoli   Iroatliioiil. 

Tlio  troo>  in  oaoli  ol  the  Iwo  oidlinc  >\>toii]>  sod  and  tillajic  — 
in  this  o.xpoiiinonl  wci'o  oxposod  to  idontio.-d  o.xlornal  conditions  (d 
toMuw.!-!  f  lire,  r;iinl:dl  lodil  an<l  lioat  ami  in  addituui  to  a  iirnroian 
vdil  siil)str;ito  (?^'i.  ('onsidorod,  t  lioicloro,  as  soparato  systoms,  the 
(inly  vatinhlos  to  wliioli  the  \vovs  iindor  sod  and  tillau'o,  fospoot  i\('!\', 
were  >ul)jootod,  t  liorcdofo,  wcic  llio  ininoi'al  niitfiont  salts  addod. 

A  voluminous  litoratufo  on  tlio  al)soi|)t  ion  and  utilization  of  the 
!)i'iiici[):d  luiti'iont  (dojiicnts  hy  phmts  is  extant.  Tho  wi'itof  i,-*?,  .^(S, 
JH,.>i>,,)l  }  1ms  oiitiojilly  disoiissod  and  siiniinari/od  oiii'  prosont  know  1- 
{'{\\j:v  (d  this  snl)jo<'t  with  (•(*l"oi"onoo  ospooiaUy  to  tho  ahsorption  of 
iiiti'oii'on,  phosphorus,  and  j)ot;is>iiini,  and  Noauiand  l.'>,  10)  has 
rcviowod  tho  inoi'o  rooont  (lUi^O  '.\\  )  oont  fihiit  ions.  Aooordinii'  to  tho 
vic\\>  (d'  Steward  i.-^Ji)  nnd  iloaulnnd  (/M  tho  pfoooss  of  ahsocption 
iv(|iiii'o-  tho  oxpoFidit iii'o  of  onoi'uy,  tho  >oiii('o  of  which  is  niotwholio. 
(Ictoiiiiinod  hy  oxyu'on  ahsoi'ption  or  liinitod  hy  oai'hon  dioxide  aooii- 
niiil.-ition,  the  ultimate  meohnnism  hoini:'  dotoiinitu'd  hy  the  <*looti'o- 
!iioti\('  foicos  hrouuht  ahout   hy  oxidat  ion-i'odiiot  ion  potentials. 

PRKVIors  INVKSTICATIONS  ON  THE  TOTAL  A.MOl'NTS  OF  NITRO- 

(;i;x.    piiospiiours.    and    potassif.m    kk.moxed    by    applf 

TUFFS 

Tlio  ohjoot  of  the  oaiiy  expofimont  >  on  the  amounts  of  nit  coLi'oti. 
plio^plioiiis,  and  potassium  ahsoihod  f)y  tlu'  P<tm;ioeae  was  to  a('<piii"o 
iiitoiiiiat  ion  I'olatinu'  to  the  |)roxiniate  amount-  of  these  ehuiionts  ati- 
'I'lally  withdrawn  from  the  soil  hy  mature  t  roo->  of  maximum  repro- 
"I'K'tivo  oapaoity . 

Kohoi'ts  \.!li)  invest  ilia  ted  a  1  M-yeai-old  W'aLi-onor  a  pple  tree.  'I'ho 
"•iiipositictn  (d'  tho  leaves  sampled  in  tho  fall  with  respect  to  ash, 
"itiou:<'n,   |)hosphoi'us,   and    |)otas>ium    wa-  o-^t ahli-hed.      P'rcuu    the--e 

l;.'ici\(MJ  fur  piiMirii  II  M  Mir  js,  I'l:;.,.  i--iic'l  <  iiMmIici  ,  !',',;  I  n  imp  il  I'lpi'i  ihi  .'Cnf  ilir  1'ciim>\1- 
•i;!!i    \l.'i  iciill  !ir:il    l-;\pci  iinrni    -lilimi       I'r  c-ciiird   liffmi'  I  lir  idiiii     i--M.ii-Mt  t|:c    \  nici  ic  m   --ncici  ic-  (if 

jl'inicilltlir  il  -^rlcllcc  iiwl  I'linl  l'll\  miiIii- l  l  ■  iM  he  \ll.nM(  OiI\  Mii'cl  IIIJ  lit  I  hr  \  IllilK  .in  \-vni!it  Kill  f'  I 
''"'    \'lv   IllCflllflil   nf  -ciriKr.    I't,;.' 

•   lii'tiirlirc   l~    !|i|.|,.   (.\     tlMlill.iM       llillc      1  '  '    1  .  i !  i  ■  i    ,  M  n  .  •   (  '  :  !  i  ■' I  ,    I  '      '~\>^ 


''"■''  il  "f  \jM(iilnii  il  l;r-r  mil. 


ii:nj'.iti.  1 )  ( • 


\  nl  17.  lln  - 
I  Irl  1,"..  I'l;  , 
K.'\      Iln       I'l       t 
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n)i 


analvsos  and  the  axorafre  com] 
soiiiTO,    Roberts,    by   making] 
anproxiinato   estimate   o 
'  '  1  1( 


1  «;ain|)les  fcpi'escnt  at  i\ c  ot"  each  (li\  isioii  wci'c  di'icd  at   100  '  V.  and 


position  of  a|)i)les  obtained  from  another  linal  san.|>l*;^nM>n;s*;"t«''t 'v<;  ;>•  ^'mcI,  cl.vis.on  wen;  (Oied  at   inn    v    am 

^H^ne^ons    assumptions,    presented  „,  tluM.  .rround  n,  a  W  dey  md    tn  pas.  a     ()0-mesh  s.eve.  _  Hecauseol  t  h 


f    tl 


le    amoun 


ts   ot    t 


hese    nutrient    elements   I      .lilliculty  in  remo\  in--  all  1  he  at  tached  soil  by  waslun--    tlu'  resultp  foi 


removed  bv  I'ruit  and  leaves  a 


it  various  a<j:es  of  the  tree 


f 


tli(>  roots  ai'c  ca 


Iculated  to  a  <i!ica-fi-ee  basis.      The  analytical  method- 


Ten  vears  latei'  Van 


Slvk(*  and   his  cowor 


kers    (-:;//)    reported  the   !       adopted  were  identical  with  those  previously  descri 


bed 


->,- 


t's   of   nitrocren,    j)hosi)horus,    and    potassium    m    the    season's   i 
of  a  Baldwin  and  also  of  a  Rhode  Island  ( ireemn--  apple  ivm,  \ 


amoun 

<rrowth 

The  trees  \v(M-e  a 

removal  of  nuti'ients 


l)out  :^0  vears  old.     The  approxnnate  annual  aver 
froin  the  soil  bv  trees  of  this  a.uc  is  reported 


a"e 


troiren,   1.")  pounds;    j)hosi)lioi-ic  acK 


ni 


poun 


1,  0.4   pounds;   and  potash,  1 


|')nrini:-  the  next  dera.h'  Thompson  (.;;)  phinted  in  1  he  experiiuen 


;)HM  -^ 


t ) 


btai 


ni 


ued 


lie 


rkan 


\LM'i<'iilt  iii'.-d     !v\pei'niie!it     M;iti(.n     -(mmIIih^    | 


I'oni     !!\('    (lUleren 


11^ 


iiouii     \anetie> 


oi 


;il>I)i<' 


;i  \  (' 


ii'-ht    of    tie 


1  1 


u-  I 


W( 

\(':ii'  tlie  nit  roueii 

"(-;ich     \;iriety     uere    (letennme( 

cojulit ions  an( 

the  fertilizer  treatments  (if  any)  or 

trees  were  trrown.      Reference  wi 

data. 


\t    the   end    of    the    L^r^w  mi:-   -e;i-<»n    (.1    c 


p!io>pii(.in-,  :ind  pot.-i-iuni  -M.nl.Mit  (.1   t  w  n  lives  ol 


ri 


lompson     repi»ile< 


!li<'     rliiiinl 


1  also  the  analvses  of  th(>  soil  but  did  not  ment  K.iMMthtT 

the  culture  system  under  w  hicli  the 
11   be   made  later  to  ccutain  of  his 


1 


nasmuc 


PLAN   OF  THK   F.XPKRIMFNT 
h  as  the  plan  of  the  present  experiment  has  l)een  <:iven  in  i 


detail  in  previous  pu 
recapitulate  brieflv 


blications   (7,  -iJ),  it   will  only  be  necessary 
In  Mav  1922,  stocks  represent inji:  a  sin^de  cldii  ' 


were  o 
were  p 


btained  from  the  Kast  Mallin^^  Researc 


h  Station,  Kn^dand,  ai 


hinted  in  a  Ha^erstown  silty  (day  loam  soi 


they    were    whip-^n'afted    to    Stayman    Winesap   scioi 

whose  performanc(*  was  '  '  '" 

]) 


1.      Two  weeks  later 
IS    from    a    tire 


, known  for  two-bud  ^generations  ( /j.      holler 

late  ('viin'ders  o  feet  in  diameter  and  o',  feet  deej)  were  filled  with  tl 


oil  ])reviously  thorou<rhly  inixe( 


I  with   res|)ect    lo  each  of  the  tluet 


soil  horizons 


ea( 
a])] 


^f!    ,li).      Three  years  after  plantin<r,  the  trees   (six 


b  row)  were  subjected  to  dillVren 


tial  nutrient   treatments  by  tl 


lication    of    various   co 


,,  ,„,,,.^. mbinations    of    the    followinir    |)ure    salt^ 

NaXoV'  rj>li4(R04)'H,(),    and    K.SO.      The     combinations    aihk 
were  ( l')  NaXO,     ('all,(P()4).      lv,S(),  (symbol  NlTv);  (2)  N;>N^V 
C^iH4(P()4).    (svmbol    XP):    {W)    XaXO,      K.SO,    (symbol    Xiv);  i4 
(^ill4(P()4),     K.SO^    (svmbol    PK);    (:>)     XaXO,    (symbol     X);iii 
C\iIl4(P()4).   (svmbol    P);   (7)  one  row  of  trees  received   no  nutrit'ii! 


sa 


It  addition  (svmbol  elieck), 


Half  of  tlie  trees  under  each  treatment  were  maintained  m  a  tin 


»tl 


olliv  am 


I  bl 


uetrrass  six 


1,  and  the  other  half  were  subjected  to  a  til 


veil 


Antl 


lonv    a 


nd    darke    (7).      In    October   P)27,  a    representative  trc 


(r 


m 


each  of  the  nutri(Mit  salt  treatments  was  removei 


1   and  divided  ft 


])uri 


)oses  of   chemical    analvses   into   (1)    leaves,   (2)   truni 

II 


(W 


ait' 


braiudies,  (4)  small  branches,  (.">)  larjxe  roots,  (ti)  small  roots,  aiu 


il 


fruit  (if  any) 
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le  ana 


Klical    results   ;ire   summ.-irized    in    table    1.      The   detaile(l 

Mie  omitted,  but   in  \  est  ijja  I  ois  do-iiinu'  the  detailed  analyse- 

f  llic  Li!':d"led  Stayman  \\'ines;ip-  and  of  the  tree-  when  duiz-  up  and 


Tl 

il 


iialv>( 


;ll-< 


)  ,i|'  !  he  pruiiiiiL:-  in.'iy 


\)H  M-iiro   t  lieiii    !  loin    1  lie  i('-e;i  r<' 
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\( ' 
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//- 


// '   <i !  I  I  I  II 
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hi,- I: 
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system.      The    practical    field    details    and    also    the    jzrowth    reconl^         ^^ 
d*urin<x  the  exp(Miment  period  under  each  system  have  been   «:i ' 


IXTKUrRKTATION    AND    DTSri'SSK  )\    OF    KKSILTS 

The  (li-tin-iii-hiriL^  feature  of  the  re-iilt-  i-  the  -real    (liirereuce-  in 
'li\         the   ;i->iiiulation    of    nitroL^en,    phosphorii-,    and    pota— ium    re-iiltiuii: 


I'lii  t  he  (hllereiit   tmti'ieiit   salt   treatment 


rowin<^  under  (1)  th(^  sod,  and  (2)  the  tillage  systems,   respectiycy 


111   eoii-ideiifiL:-    the    elfecl    of    these    diirereiit     tre.itmeiit-    oil    carho- 
li:ite  met.-dx.rism.  it   has  been  found   lo'.-'i  tli;it   the  concent  rat  ion  ol 


<'art)otiv(lrate--.    in    the    reasons    iiritwlli    tollow 


the    .'i-eendmL:"    serie- 


XPK    'XP      XK       X       PK       P       check,  ^howucj;  that   carbohydrate 


have  aeeumulaled  in  miieh  lamer  amoun 


t-  in  1  he  t  ree>  w  hich  did  not 


Representative  sam|)les  of  the  porti(Uis  so  separated   were  -eciin'  ^^^ 

for  analvsis  bv  first  cuttin,<r  them  into  small  pieces,  and  then  icdiic" 


•'•'cive  nitroL^en   addition 


The    relatixclv    -mall    absolute   amount 


nitroLren,   [)hos|)horii-,  and    |)olassium 


found    liable   1  )  in   the  tree 


bv  the  process  of  successive  (piarterin^j:  used   in  ore  samp 


\-  '[!,,         i<"<'('ivin<_r  no  nitro^-en  i-  an  indication  that   the  low  concent  rat  kuis  ol 
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Ei-i'Kc  T  OF  TMH  Omission  of  PiiosiHoitrs 

Table  '>  nlso  shows  tho  amounts  by  which  each  ol'  the  ohMijeiits  lias 
been  nHlucod  as  a  result  of  the  omission  of  phosphorus  ironi  the 
fertiUzer  and  the  acoomi)anvin<i:  disturbanre  ni  metalvohsm  shown  by  I 
the  extent  to  whieh  <rn)wth  and  blossonun<r  liave  decreased.  The  i 
values  (aven  in  the  table  express  the  diflerence  ni  the  mnounts  of  tho  \ 
elemenFs  a,bsorbed  hi  each  of  two  comparisons  Irom  which  phosplioms 

has  been  omitted.  _  .,     .  .,  r,    r        n- 

The  table  is  of  interest  because  it  shows  that  the  cpiantitative  efhMt 
of  the  omission  of  i)hosphorus  on  tlie  rechiction  of  <rrowtli  and  hlos- 
soniiu  "•  is  nuich  <rnMiter  in  the  absence  of  i)otassium  tlian  when  this 
(^(Mnent  is  pivs(Mit.  \\\  other  words,  the  cHVct  factor  lor  phosi)li,,rii< 
\\h(Mi  apphcd  toL^clhcr  witli  nit!(»,ircn  is  much  -tvatci;  i!  no  potassiiiiu 
i<  x\iU\iH\.  Since  the  dillVrcnccs  i'l  the  amounts  ol  nitroiicn  absorlH'.i 
under  tlie  n^spcclivc  culture  >vstcm>  in  both  companions  nrc  pnirti- 
cidly  identical,  one  mu<l   altiibulc  the  maikcd  cllVct   ol   the  omissKm 

of  phosphorus  in  the  i)re>cnl  experiment-  to  dillVrenc(>-  in  the  ; iiiiu 

of  potassium  absorlx'd. 

KfFKCI'   of  TlIK   OmISSIO.N    of    I'OTASSMM 

Table  2  further  shows  the  (piantitative  ellect   of  the  omission  oi 
potassium  on  tlie  reduction  in  the  absorption  of  each  of  the  elein(Mit>  ^ 
and  tlie  effect  of  this  reduced  absorption  on  <rrovvthand  blossomiii<r.      ^ 

The  omission  of  potassium  resulted  in  increased  <rrowth  in  the  com- 
bination  XP,  as  compared  with  XPK,  l)oth  under  cultivation  and  in   j 
sod,  and  also  in  increased  blossominji:  under  cultivation.      An  explana- 
tion of  this  anomalous  behavior  will  be  api)arent  later  from  the  dis- 
cussion (p.  r)7() )  of  the  ratios  in  which  the  elements  ha  v(^  been  absorlxMJ. 

ITILIZATION    .\N1)   ilKCOVHilV   OF   NITROdKN,  CUOSJ'UoiU'S.  .\  M  >   i'OTXSSUM 

Theoretically  a  distinction  must  be  drawn  between  the  amount  oi 
an  element  absorbed  and  the  amount  utilized  by  the  |)lant.  Sonic 
authorities  (//)  claim  that  the  absorbed  but  unutilized  |)ortion  of  a 
nutiient  element  is  unchamred  and  is  found  as  dissociated  inorixanii 
salts  in  the  vessels  and  cell  sap,  and,  althou^di  ciitical  ex|)(Miments  on 
the  subject  have  vet  to  be  conducted,  the  fact  that  the  results  of  nninv 
investiL^atois  (J,"  .A),  -^7)  indicate  that  at  least  in  some;  |)lants  the 
])oi-tion  (d'  an  elenuMit  absorbed  in  excess  is  cxjxdled  via  the  root> 
shortiv  aftei-  blossominir  time,  would  lend  supi)oi-t  to  this  view.  II 
Jacob's  views  (//)  are  Correct,  absorption  and  the  utilization  ol  !in 
(denuMit  as  deteiiniiUMl  by  the  analysis  of  a  |)lant  at  inatuiity  woulil 
be  svnonymoiis.  Some  of  the  results  of  this  expeiiment.  however, 
do  not  confoini  to  this  con('e|)t. 

Pi'csent    usance  of  the   tci-ms  " absorpt i(m  ".   " assimila ti(Ui  ".   "utili- 
zation",  and    "i-ecoveiy"   are  somewhat    confusini:.      in   the   |)rest'nl 
])a|)er  the  tei'in  "  recovery  (d"  an  (dement  "  will  be  used  to  iFidicatc  that  j 
])ortion  of  an  (denuMit  a|)|)lied  as  fertilizer  whi(di  has  been  absorh^'d 
i)y  the  |)lant. 

The  amount  of  an  (d(Mn(Uit  absoilxMl  is  determined,  amonir  other 
factors,  not  only  by  the  si)eci(»s  of  plant  and  the  availability  ol  the 
fertilizei-  per  se,  but  also  by  the  indii(M't  (dfects  pioduced  by  the 
interactiim  of  the  feitilizer  (oi-salt)  with  the  com|)on(>nts  of  tlu^  solid 
and  licpiid   phases  of  the  soil   and  also  by   interionic  (dfects.      The-'' 
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HVcts  which  mav  be  very  complex,  aic  manifested  in  the  so-called 
'<i)lieiu)inena  of  a"nta^^onism  "  and  in  the  disturbance  of  ('(piilibrium 
H  rou^di  displacement  of  bases  in  the  soil  colloidal  com|)lex  by  one  (u- 

i()ro'()f  the  elements  in  the  fertilizer,  and  in  the  phenomenon  ol 
rv.finn  bv  the  iron  and  aluminum  of  the  alumino-silicates  as  well  as 
1)V  the  iiiicr()or<rainsms  the  so-called  "  bioloi^ncal  absorption  (.■.'■>}. 
Thos(^  ^dfects  were  very  marked  in  the  present  ex|)eriment . 

hi  the  (day  soils  of  the  tyi)e  used  in  the  ])r(^sent  expeiim(Mit  the 
outer  hydrophilic  coatinjxs  of  the  (day  parti(des  dominate  the  soil 
system  "and,  inasmu(di  as  the  majority  of  soils  ^ive  rise  to  neo:ative 
■,"l„niino-silicat(>  ions,  low  results  for  the  recovery  by  the  |)lant  ol 
cations  mav  in  I)art  be  exj)laine(l  on  the  basis  of  a(lsor|)tion.  Hut  the 
(.x|)lnn.ilion  (d'  the  low  i-eeo\(M-y  (tf  aniiuw  -U(di  :i>  the  plios|)li;tte  ion 
j,vsii(d'i  a  sinuhir  lixation  !>  more  (lilli.-ull  lo  rxpl.-iiii,  mile--  llie  e\pl,-in- 
,,ji„li  (d'  some  in\('-tii:-alor-  i  /  -'  be  ;ieeepl(Ml.  of  i1h'  exi-leiic'  ol  ;i 
'i|,,|,,,l„,lt/.  triple  l:iyer,  or  of  (dni-eii-  \.j  i  of  a  <d;i\  -Irintiiiv  repic- 
^,,[it(.,l  h\    !  he  eon^^tillUional  loiiniil.i 


0  =  Si      i'il      i) 
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o      .-i 


I  I 


(.',i  ilo-Si"^ 


M.oll 


n 


in  \vhi(di  the  basic  hydroxyl  ^m-ouj)     /i  :itta(dicd  t(»  the  aluminum  ion 
can  he  re|)lace(l  by  a(d(l  ra(li(des. 

1{  i:<((\  i;iM'    ol     Niruo'.i.v 

For  reasons  already  <:iven  the  reco\(My  (d'  an  (demeiit  from  an 
added  lertilizer  canmJt  be  dctciniined  witli  exactness  in  fudd  expci-i- 
naMits.  In  a  eonti-olled  experiment  «d'  the  pi-esent  ty|)e  (cacdi  cultural 
system  consi(l(M-e(l  separat(dy  ).  in  wlTudi  the  trees  have  been  subjected 
to  the  same  <.,M-owth  factois  except  the  addition  of  mineral  salt>.  the 
values  mav  be  calculated  accurat(dy  enoiiiih  foi'  i)!aetical  pu!-!)o>e>. 

The  values  whi(di  rei)resent  the  amount-  of  the  respective  (dement- 
ahsorhed  fi'om  the  added  fei-tilizers  -iven  in  table-  :').  4.  and  (1  were 
ohtained  from  the  diirerence  b(>t\\een  the  amount  of  the  (dement 
ahsorhed  by  the  res|)ective  (die(d^  tree  nnd  that  of  the  treated  t  ice 
under  examin.ition.  This  method  liixc-  \alues  {nv  ihe  lUM-overy 
sonicAvhal  hi_<:licr  than  those  that  would  be  (d)tained  by  usinir  instead 
of  the  (die(d<  tree  the  tree  whicdi  ha-  receiNcd  all  the  chMiient-  exce|)l 
the  one  of  whi(di  the  recovery  i-  to  be  determined.  Tlie  value-  loi' 
the  recovery  in  the  tables  may  thii-  be  -aid  to  be  u|)p(M'  limits. 

In  <rrain  and  \ CL^etable  crop-  the  recoNcry  of  added  nit|■o^•en  by  the 
plant  averaii-es  :ibout  oO  |)ercenl  i  /•>.  /^.  -^/  >,  but  n(»  data  apjx'ar  to  be 
available  on  the  recovery  (d'  nitroL:-en  by  fruit  trees.  hi  s(dutioii 
'•ultiires  at  very  hi,Lrh  concentrations  (().()_!  to  O.IC  percent)  iNi.  the 
ahs()ri)tion-c()(drKdent  few  the  nitrate  i(»n  i-  xery  hi^h,  reaidiiuLT  H'<' 
percent  in  the  hiii:her  concentration-.  The  r(dati\(dy  low  recovery 
hy  the  i)hint  of  added  nitrates  in  fndd  ex|)eiiinenls  may  be  attril)ute(l 
not  only  lo  (he  low  absorpli(m-co(drKdent  resultiiiLr  from  the  ivlat  i\  (d\ 
dilute  concent  rati(m  of  the  soil  -olutittn  but  also  to  the  lo-se-  by 
l^'iichin^,  to  j)rocesses  rendcrim!-  the  nitroiren  immobile,  and  also 
K'speciallv  under  culti\ation)  to  lo-sc.  a-  ira-eous  nitrosi-en. 
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The  totnl  amount  of  sodiiiiu  uitrato  ai)i)li(Ml  to  oach  of  t ho  trees 
roroiviiio-  nitrate  was  2,S24  ir,  (Miuivaloiit  to  \i\4.r>  <r  calrulatod  a, 
ohMiHMital  nitro<'-ou.  This  ('orr(Ni)on(ls  to  an  aiimial  ai)|)h('ali()n  of 
l-)4  s  </or  to  (V'V-^  ])oinul  of  nitro^on  \)er  troc.  The  currcMit  i)ra('tiee 
in  tho"v\])(M-imoTitai  orchards  of  this  station  is  to  apply  ->  pounds  of 
sochuni  nitrato,  (Mpiivalent  to  ().<S  pound  of  nitro,<:on,  to  nuituro  trees, 
niucdi  hirircM-  than  those  used  in  the  cyhiuhM's. 

Tal)lo  -^  shows  the  total  nitroiren  ahsorhod,  tho  amount  absorbed 
froni  the  sodium  nitrato  added,  and  the  lUMrenta.irc  ol  tho  latter 
ivcovcnul  by  the  plant. 
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,,{    ,ii!,-nij,  I.    iihsnrlixl    irnni    liir   ddilnl   soilium    /iilrah 
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Tlie  utilization  and  ircovcuv  of  added  nitro^MMi  follows  the  descnid-  | 
in^r  series  N  PK  >  N  P  >  N  K">  N  •  The  addition  of  nion..cal('iiiiii  i 
plm^pliate  and  i)()tassium  suli)hate  to  the  sodium  nitrate  either  sinirh  ^ 
or  toirether  ha<,  therefore,  increased  the  (>Hiciency  ol  the  latter. 
The  (hita  also  show  that  tlie  addition  of  UKUiocalcium  i)hosi)li;itc  luh 
increa-(Ml  the  ahsori)tion  of  ^oil  nitroj^en,  inasmuch  as  the  mcicii^e  | 
in  the  amount  of  nitrojzen  absorbed  by  the  tree>  treated  with  iiumn-  \ 
calcium  |)ho^i)liate  com))ared  with  the  check  tree-  is  '2:\A\  and  rJ..i  l' 
in  the  cultivation  and  sod  systems,  resi)ectiv(dy.  The<e  re-^ults  iim 
be  comi)aiv(l  with  t]ios(>  of  th(^  Kothamsted  wheat  ])lot-.  m  which 
the  abs()r|)tion  of  nitro<ren  bv  the  crops  on  plots  treated  with  pota^li 
and  i)hos|)hates  is  vcuy  much  <rreater  than  on  the  i)lot-  which  received 
no  such  additions  i.JJ). 

UK(  <)VKH^     ol      I'lI(>.--l'HOUCS 

in  liiLih  calcareous  >oiU  the  addition  of  inon(»calcium  j)ho>i)li:it(' 
rcMilt-  i7i  the  formation  (.f  insoluble  di-  and  tri-cah'ium  phosphnteN 
the  foiniation  of  the  latter  l)ein.u-  Lireater  th(>  ^renter  the  (';>-l'A 
ratio.  in  \\w  i)resenc(>  of  ma<:nesium  carbonate,  similarly  diniculjly 
voluble,  calcium  and  iiia«:nesium  phos|)hat<'s  are  formed.  (i<M-la('lis  | 
experiments  l/f)  may  be  dven  as  an  illustration  of  the  lii<:h  hxiiiL' 
capacities  of  calcium  carbonat«\  maLniesium  carbonate,  aluminnin 
livdro\id<',  and  ferric  liydro.xide  for  th(^  phosphate  ion.  The  plu>- 
p'horu-  held  bv  calcium"  carbonate  and  ma,<rnesium  carbonate.  Ik'W- 
ever,  i>  readily  dissolved  i>>  a  saturated  solution(>f  carbonic  acid. 
w  hereas  none  of  the  i)ho>i)lia"t<'  lixed  l)y  tlu^  ses(piioxi(le-  w  a-  (l^solved 

in  the  absence  of  calcium  carbonate.  -up(M-phosj)ha te  is  supi)c>fd 
to  react  with  iron  and  aluminum  comi)ounds  to  form  ba-ic  dicnlfK' 
aluminum  and  iron  plio-i)hate<.  TW\^  fact  ex|)lains  why  the  son 
solution  and  the  sap  of  plants  contain  so  little  i)hosph(U-us  toll(»winL' 
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,,,tilization  with  phosphates.  Tlie  concentration  ol  pliosph<u-us  in 
L„»il  solution  ramres  between  1  and  L>  parts  per  million.  1  he  drain- 
.'.  water  of  soils  contain^  only  a   trace  of  |)ho-phorus  even  in  sandy 

"'Thr'total  amount  of  Cal  1 ,( l^O,  i,.ll,( )  supplied  to  viwU  of  the 
...^e^that  received  phosphorus  was  l.Sb'I.O  -.  e(piivalent  to  1,().,1>...  - 
nlH)^l)horus,  and  corivspondin--  to  an  annual  application  ol  .>.)(l.s  o'  or 
)77  iH.unds  of  phospluuus  \wv  tree.  The  current  practice  m  the 
.vnemnental  oirhariU  of  this  -tati.m  i^  to  apply  '2^)  \u.uiu\>  ..I  It. 
,,;,,.(.nt  superpho-.phat(>  per  a.-re  of  KHI  1  ree>,,  c:>rrespondiii-  to  0.  l- 
,„„in(|<  of  phospb(.ni-  p<-r  tree. 
'    'j'|„,  lota!  aniMiiii!  ..f  plio-plioni^  ab^-Mib.'d,  the  a  pp|-o\iiii;,  1  c  .•iiiioiinl 
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rin>  nrder  of  utilization  and  recovery  of  |)liosphorus  in  relation  to 
tivatinent  is  NPK  NP  PK  P  except  ".  the  PK  treated  t  ree- 
,m,l,a- cultivation,  in  which  a  ne-atiNc  absorption  ol  added  pho-]) bate 
n,-,Mirred  The  ut  ilizatii.ii  of  pho^pboru^  and  tli(>  recovery  ol  added 
nlM..p|,ate>  bv  .all  the  tret-  are  veiy  lou  .  the  ran-e  hem-  Iroiu  (UJ 
to  1  s:,  pcrceiit.  Thi-  mav  be  compared  with  the  r,.()  p(Mvent  .avera-e 
rec.veiy  of  i)ho-phoru^^  iroiii  -iiperi.ho-pha  te-^  m  the  Kotham-ted 
cNperiment-  from  lield  crop-  i  .'/  •       i  i  i 

T:d)le  :.  -how.  that  the  total  <piaiitit>  ol  pho^pla  »rii-  ill  the  -..il  u-e<l 
ill  thi-  exiaaiment  i-  (piitc  -mall.  The  H-(piio\ide-  are  hi-h  'a  umi- 
iiiiiii  oxide  and  buric  oxi.le  e(pi.al  !:;.<.»  I  percent  in  the  -urlace  -oil  and 
P.i.lt;  percent  in  the  -ub-uHace  -<.il   ,  a>  i-  al-(»  the  calcium  o\id(>. 

(n„nu,<rnn      ,„rr,nl      nflh,    snll    >rith    r>sp,rt    'n    ,1s    prnifipol    luisivaiul 
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T!ies.>  hiLdi  \alue>  for  aluminum  and  iron  -expiioxich'^  nuiy  acc.Hinl 
r  the  cx('e|)tionallv  -mall  recoverv  of  i)ho-phoru>  by  t be  |)l;mt-  iii 
i-exi)eriment.      It  should,  however,  be  empha-ized  that  the  UHMJia- 
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ism  1)V  whirli  i)li()S|)li()nis  is  ioii< 


lor(Ml  immobile  in  tlio  soil  lias  not 
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iHMMi  (IHinitoly  ostahlisluHl,  mul  no  MdviUices  have  Ihmmi   mudo  sine, 
the  writer  roAio\v(Ml  the  suhject  [31). 
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\'(iri(iti(>n   in   the  ratio  of  nilnnjin,   phospfioms,   iitid  polnsli   n,   llir  trr,s 
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the  :ip]):ii-('ntl\  anomalous  hcliavior 
)tassiiim,  I'ciVn-tMl  to  on  paiic  r)7"2.  in 
'  al)sor|)tion  of  nitro^xcMi  and  ])lios- 
th  nndci-  both  sod  and  tilia^'c  and  in 
lion.  It  would  ai)|)<'ai'  that  there 
th<'  |-atio  of  these  dominant  nutrient 


1  that  the  eoiieeut  ration  ol  |)otassium 


\  a 


u  and  phosphoiMis  in  the  trees  w 


en 


iiiir   the   al)sori)tion   of   potassium   is   appai'en 


t.      This   eJVeet    mav   h 


tti'ihuted    to   the   inlluenee   o 


f  the  sodium   and   calcium   ions  ol   tli 


a( 


1(1(h1  salts  on  the  rei)laceal)le  hasiv^  aiu 


I  also  to  othei-  factors  discus 


^0(1 


hv  the  writer  (.)/ 


KKl.XTIVK   I'lloi'OKTloNS   IN    WHICH   XITKOdKN'.  THOSPHC  )lirS.  AN  I  >   I'OTASSir.M 

HAVi:  I5Ki:n  itilizk!) 
The   ratios  (»f    N:P,(),:Kj()  calculated    on    the   basis   of   phos|)h(.ii 


hi 
The   |)otassium   concent  I'at  ion   exei'ts 
inimr  the  late  of  dilVusion  of  eai'bon 
he  chloi'o|)last   sui'face. 

fOMI'MUSON  OF  TIIK  RATIOS  OF  NFO-  K  o  \HSOllIU:i)  in  TRKFS  ol'TINHM  WITH 
IIKSI'KCT  TO  (UIOWTH  AND  KKl'lloiUCTIoN.  WITH  THK  ilATloS  IN  WHICH  TIIKSK 
KI^KMKNTS   HAVK   HKKN    A  I'lM.l  KI )   IN   THK    FKKTIl.r/Kil    XDDKD 

The  method  adopted  iti  ascei't ainin«z  the  amounts  of  the  respective 
I'lciuents  which  the  ti'ees  undei-  (vxamination  have  absoi-bed  Irom  the 


a< 


id  as  the  unit,  are  shown  in  table  7 
In    Thom|)so!rs   expei-iments    (.).) 


the    I'atio    foi"    tires    w 


r('si)('ctive  salts  added   as  fertilizer  is  not    a    mathematically   ri<rorous 

(       (Hie.     This  is  a  consecpience  of  variation  in  the  elVect  factors  discussed 

liich    li:i(l     '       (»ii  p!i«res  :)7()  and    r,7li.      The  method  of  calculation  is.  how  ever,  sufli- 


ihe  same  a|)])roxiinate  < 


Irv-weiLTlK    |)roduction  but    which  a|)|)aivnlly  cicntly  exact   h)r  all  i)ractical  i)urpos( 


recei\'ed  no  HM'tili/.ers 


is  :WA  ::^.t 


The  very  wide  discrepancy 
l)t"tw('en  the  ratio  in 'which  these  elements  are  absorbed  by  the  tr<'( 


An  unsolved  ])rol)lem  of  <:reat  practical  siirnilicance  to  a^i 


onoiiu 


>t>    i       ^liowiiii^:  optimum   physioloiiical   balance  aiu 


and  horticulturists  is  the  (pie 


I    the   ratio  in   which   the 


tion   as  to  whether  each   ero|)   ha<  its    J       nutnent  salts  were  apj) 


^necilic    N  :   P.O-,  :  Iv.O    rntio    re(piirem(>nt ,    assumin 


lied  is  clearly  brouLrht  out.      The  discre|)anc> 


<r    that    -oil    :iii<l    I       i;>  in   part    due    to    the   soil    |)roi)(>rt ies.    viz.    leachinu-  of   nitrates   aiu 


■limatic  factors  are  constant 


Hie  results  in  table  7'lead  to  the  cell-  tixation  of  |)hospli()rus  and  p()tassium 


•lusion  that  the  ratios  m  w 


hich   these  elements  ar(>  absorbed   divei<rt' 


After  (luantitative  nature  of  the>e  <'|]eets  has  been  determined  by  an 


I'om  one  ano 


ther  to  a   relativelv  -mall  de.irree  when   plants  that  aiv  cxaniina 


( I 


ptinnim  with  re^jx'ct  to  irrowth  and  reproduction  are  compar<Ml 


''•■oiioiuic  (pian 


tion  of  the  soil  beh)re  and  after  the  ex|)eriment,  the  theoretical 
tities  and  ratios  h)i- opt imiim  «:rowth  and  reproduction 


the  |)resent  exj)eriments,  these  an 
and  N  V  treatment: 


the  trees  which  received  the  SV\\  "I  trees  of  this  aire  will  be  iriveii 
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Tlio  lolal  junounts  of  nitrojzcii,  i)li<)s|)lionc  ncid,  nnd  i)()tnsli  nddcl 
,)(M-  tivc  \v(Mv  4()4.r,:l,()r)l>.:)::.4s.4.  (MinivMlcut  ;i|)i)n).\iinnt(;Iy  to, 
VS'4  l(Mliliz(M-  In  the  Ihm'^  niuilv/cd  thr  ()i)timiiin  i-nlio  in  whicli 
nitnx'-on  |)h()s])lH)ric  ncid.  mid  I)()t:isli  Inivc  Ihmmi  nhsorlxMl  is 
IT")  (r">M  ;•  r24.S.  \\\  dcdiictin--  lr(»in  these  vjiliies  llie  ninounls  of 
iiitroovii,  |)linsi)li()n('"n('id,  nnd  imMmsIi  nhsorhed  l)y  (li_e  check  tms, 
wc  .>vt  rJiM  :  I'-M  :.")<.).."),  or  :ii)])ro.\ini;ilely  :^():n.:^ :  1 ..)  .'is  (he  ratid  j 
in  which 'tliese  (dcMiuMits  hnve  heen  ;i!)sorl)e(l  from  (he  suits  nddcl 
(M,iii|)nred  \\i(h  :i  :'.:S:4  ratio  net  iially  ai)i)lied.  | 

\n  ellort  h;i<  hc(Mi  iii:i(h'  :iiid  i-  <til!  hcin.-r  iiinde  (o  ivniovc   h'rtih/.i     . 
,,n,rti.M'  from   the  renhii  of  .-inpit'i.i-^iii        Thcx'  iv^ult-^  >ho\\    tlir  (htli- 
,.,|lti,,.   i!i;,t    niii-^t    1)('  o\civ..!ih        Tiir   ■A\u\\\-\-  <>t    tlic   plnnl    nlcncN 

,.,Ml,.,Hix       in^.ltli.'l.Ml!.         A      kllMui.M-.       ..t      Ihr      ll\iil'.:      r;,l»;,r|!x       nl      the      | 
.,,,1    ,.  ,,!.M(.i.-.K    of  -Tc;it    nil  poll, -III-.'         It    lollou-^   lh;il    t!ir   ;i|)l)hc;in(il, 
Ot     ihr    Il!iM-:il)MU|.tl..!l--T.-l!.!l    Iiu   liMu!    oil    i!m'    .■Iltnv    |.l;int         ;/       In   (he     | 

<|..h.rnr!M.-ir.oii  ..|   llir  i.-rtih/.n    v.^\  iirnnml-  of  ih."  -\n'r\r^  sMirii  unnu^    | 
nn    M,!U    of    hi-h    lixni-    pourl     !pm',-m1  ;i !  .-■    ;i     klloul.Ml-r    o|     liic    !i\ii.: 

(•;i|);ic!t\  .  r     i         .  1  •.■       . 

Althouiih   Wohf  i-Vh  j)ro\i(h'd   dclinKc  i)rool   that    (he  comiM^ition 
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ol  salts  j)r('S(>ni  HI  the  nnineiii  cim  iiM- tu  jHiMtd  lo  tin   .^«/ii,...v   i 
.-IS  well  ;e>  the  earlier  resnl(s  lo'^  cannot   fail  to  eniphasi/e  anew  the    f 
cnorniou-  dilf(>rences  that  iiiav  he  ])rodnced  with  respect   to  the  jht-    j 
ccnta^'-e   and    ahsolute   anionnt^   a^   W(4l   as    in    the    ratio   ol    I)n)tciii, 
cnrhohydrates,  and  ash  con<titneiU>  a-  the  ivsnlt  ot  dillerent  IcrtiliM 
practices.  ^ 


rKODlCTIoN   OF    I>liV    MATTKK    \'VM   VSVY  oF   NITIIOC.KN.   PHOSI-noRir    ACll),  AM:    ! 

I'oTAsn   \i;soi:HFi»  m   thk  ffant 

1':d)lc  s  ^hows  the  amount  «»f  -rowth  c,\i)resscd  in  term-  (»l  (in 
wciLdit  of  material  h)rmed  \)vv  iiiam  of  the  nutrient  (dement-  (as  N. 
?,(),  :ind  K.O)  nhsorhed  hv  thr  tivc-  in  ea(di  trcatnuMit.  'I  he  data 
(>xhihit  imothci-  h)rm  of  the  ..pcr.-i tion  of  the  law  of  dimmi-hiie.Mv- 
turn-  ina-mii(di  as  the  dry  wci-ht-  prodn.-ed  per  unit  ol  nutrinil 
nh-orhed  in  the  various  trcjitmcnt-  dccre:i<c  as  the  total  .Miuount  ot 
that  nutrient  ah-orhed  increa-e-. 

,,,    nuhn  f,l    frntn    r'<lhr>!h,l   n,:J    .'<     ./-     ./'•''      ,  u  I  .■    I  n    ,r  In  rh    <  I ,  ih  ,  ,  n  t     >n  >  tnr<i  I  h  '  ■:  ■ 
liii  II  Is     ir<  n      (I  ji  jii  1 1  '/ 
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SUMMARY   AND   CONCLUSIONS 


of  the  ash  of  plants  vari(>(l  with  the  amounts  nnd  ivlativ(>  |)rop()rti()ii  ^vstein 

'  .  .  •  I.  .1114,.       fl,,.  ,,ll  flw.      l»VM.'..»f  *      rpi 


111  May  n>--,  Stayman  Winesaj)  apjde  trees  j)ropa,<j:ated  by  whip- 
.rniftinir  s<'i<>ns  froma  sin,ii:le  ])arent  tree  on  roots  ve<i-etati\  (dy  prop- 
yl (rated  "^from  a  sin<j;le  tr(M'  were  planted  in  a  I  la<i(M"stown  (day  loam 
'.'^il  contained  in  .">-  hv  o.^-foot  evlinders.  Ka(di  year  fi'oin  U.rJ.")  to 
1()27  in(dusive,  jip|)lications  were  made  ol  the  pure  salts  sodium 
nit'ra'te,  inonocalcium  |)h()sphate,  and  i)otassiuni  sulphate  in  dif- 
IVivlit  comhinations.  The  annual  ap|)lication  per  tree  was  e(piiv- 
.,l,.n(  to  ^I'V-^  pound  of  nitroiren,  (l.<7  ])ound  (d"  |)hos])horic  a(d(l, 
and  ().4n  pound  of  potash.  With  lopect  to  <'ultural  system^  half 
the  trees  were   in    tillajxe  and   half  in   >o(l. 

1,,  ()ci()hcr  U.eJ7,  an  entire  Irec  rcpn-enla  t  i\  <■  of  ea<h  niiliiciit 
,,,,,,|,,,,.|il  and  al-o  <  d'  fa(di  riih!i!';i!  -\~li'iii  \\a-  iviiion.mI,  and  the 
. I, II, ami-  of  nitroLi'en,  pho>phoiii-.  and  pola--nim  a--iiiiila  t  .•<!  .Iihiiil:- 
ill,,   Mi-,)\\t!i    period    of    t't    \eai-    w-le    del  taaii  llird . 

'I'll,.  pcivtMil  a;re  and  a  !)-:»!  ute     tolai     ;i  iiiouii  t  -  ol  .^udi  ol   I  he  ehanent  < 
.|i)^,,l(,,.,l    l)\     I  he    t  rec-  dunti--   I  hr    \\  hide    prllod    of  Ulo\\  th    ;ill(l    .lUo    ihe 

,.,,jj,,  Ji,   \\lii(di    they    were  ah-oihed    \  ailed   Li'reatly    with    the   mitiient 
vatinents  and   also,   hut    to  a    iimk  h   le»er  extent,  with   the  (Miltural 


1  lie  \  a  1  lio  101    I  lie  I  Ml  a  1  .11 1  n  Ml  1 1 1  -  <  II  111  t  I  <  '_v  II ,  |;ii>  <.  |/ 


suiiii  ahsorhed  by  an  entir(>  tree  in  eac  h  of  the  respective  treatments 
indicate  that  th(> Omission  of  any  one  (d'  these  nutrient  (dements  from 
the  complete  fertilizer  i  \  UK  )  i>  followed  by  a  decreased  abs(U|)tion 
of  the  i'einainin<:  (dements.  Thi-  decreased  absorption  resulted  in 
a  nutritional  laid^  (d'  balance  a-  exhibited  in  reduced  «i;rowth  and 
tlowcrinii;  except  in  one  case  in  \\hi(di  potassium  was  omitted. 

The  Wirkun«r>^wei"t  <the  (dfect  factor)  h)r  nitro<i:en,  i)hos|)horus, 
and  |)otassiuni,  varied  with  the  (dements  with  wlii(di  the  (dement 
caiisidered  was  associated  in  the  added  fertilizers.  These  (dfect 
factors    are    discussed    in    detail. 

The  |)ercenta5.re  recovery  by  the  t  ree<  of  added  nitrou^en,  |)hos- 
plionis,  and  potassium  is  r(dativ(dy  low    under  all  treatnuMits. 

There  a])i)ears  to  exist  a  spe(diic  ratio  in  whi(di  nitr(>ii-en,  phos- 
phorus, and  potassium  are  absorbed  by  the  trees  (  .NIMv  and  N  P) 
\vlii(di  are  optimum  with  respect  to  irrcjwth  and  i-eproduetion.  This 
ratio  is  a|)proximat(dy  (■) :  1  :4. 

The  wide  discrepancy  shown  between  the  latio  in  wlii(di  thes(> 
l)riiicil)al  nutrient  (deiiKMits  are  ab^orbed  by  the  trees  even  by  those 
^liowiii*:  optimum  physioloirical  balance  (NPK  and  M*)  and  the 
nitio  in  whi(di  the  nutrient  >alt>  were  a|)plied  is  indicative  ol  soil 
cHVcts,  naiiudy,  lea(diintr  of  nitrate^,  and  of  hi^h  lixinir  cai)acities  (d 
|)liospliorus    and    potassium. 

LUrURATUKK   CITKD 
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l*.t;;_'.    «a(nu  in    Kia OKI)    «>i     iikiiii/id    \nai.    ii{ia:>    i.kown    i\    mi.im. 
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Oat  Hulls  as  a  Source  of  Vitamins 

B  and  G* 

N.  B.  GUERRANT  AND  R.  AdAMS  DuTCHER 

Pennsylvania   State   College,  State   College 

(RfCfivcd    for    Publication    Octo])er    24,    1032) 


OAT  hulls,  as  an  ingredient  of  mixed 
feeds  for  livestock,  have  been  regarded 
with  disfavor  by  many  feeding  authorities 
and,  as  a  result,  many  states  have  enacted 
laws  regulating  the  sales  of  mixed  feeds, 
which  limit  the  amount  of  crude  fiber  that 
may  be  added  in  the  form  of  oat  hulls.  This 
viewpoint  has  developed  as  a  result  of  rou- 
tine chemical  studies  which  show  that  oat 
hulls  consist  largely  of  crude  fiber,  which 
is  considered  a  non-essential  ingredient  and 
which  adds  but  little  to  the  nutritive  value 
of  the  ration  other  than  to  furnish  "rough- 
age" or  "bulk." 

In  their  studies  of  hock  disease  in  poul- 
try, Hunter,  Butcher,  and  Knandel  (1931) 
have  found  that  the  addition  of  oat  hulls  to 
the  hock  disease-producing  ration  will  pre- 
vent the  onset  of  the  abnormality.  This  and 
other  work  of  the  biological  response  type 
has  suggested  that  oat  hulls  may  possess 
nutritive  properties  which  cannot  be  pre- 
dicted on  the  basis  of  chemical  analysis. 

Previous  observations  led  us  to  believe 
that  certain  beneficial  effects  obtained  by 
feeding  oat  hulls  to  rats  could  not  be  ex- 
plained on  the  basis  of  its  fibrous  nature 
or  its  protein  or  mineral  content.  In  fact, 
preliminary  experiments  had  shown  that  our 
basal  ration,  deficient  in  the  vitamin  B- 
complex,  could  be  supplemented  to  better 
advantage  with  oat  hulls  (20  percent)  than 
with  an  equal  weight  of  ground  wheat.  This 

*  Publication  authorized  by  the  Director  of  the 
Pennsylvania  Experiment  Station  as  Technical 
paper  No.  567. 


observation  led  to  the  belief  that  th.^  vita- 
min B-complex  content  of  oat  hulls  could 
be  studied  with  profit.  The  present  paper 
represents  the  results  of  a  study  of  the  rela- 
tive amounts  of  vitamins  B  and  G  present 
in  a  typical  commercial  sample  of  oat  hulls. 

EXPERIMENTAL 

The  oat  hulls  used  in  this  investigation 
were  free  from  groats,  cracked  grain,  and 
dust.  After  drying,  the  oat  hulls  were 
ground  in  a  Wiley  mill  and  stored  for  future 
use.  The  vitamin-B  supplement  used  in  this 
study  was  prepared  by  percolating  95  per- 
cent alcohol  through  brewers'  yeast  as  long 
as  the  percolate  remained  colored.  This  per- 
colate was  evaporated  under  diminished 
pressure  to  a  semi-solid  consistency  and  the 
residue  was  dried  in  vacuum  over  sulfuric 
acid,  after  which  it  was  macerated  with  95 
percent  alcohol,  filtered  and  the  filtrate 
made  up  to  such  a  volume  that  0.1  ml. 
represented  one  gram  of  brewers'  yeast. 

The  vitamin-G  supplement  was  prepared 
from  bakers'  yeast  by  adding  sufficient  95 
percent  alcohol  to  a  filtered  aqueous  ex- 
tract of  the  yeast  to  bring  the  alcoholic  con- 
tent of  the  mixture  to  50  percent  by  volume. 
The  resultant  precipitate  was  filtered  off 
and  discarded.  Additional  alcohol  was  added 
until  the  concentration  reached  80  percent 
by  volume.  The  precipitate,  which  formed 
at  this  alcoholic  concentration,  was  removed 
by  filtration,  dried  at  room  temperature, 
moistened  with  distilled  water,  and  auto- 
claved  for  six  hours  at  15  pounds  pressure. 
It  was  then  dried,  pulverized,  and  sufficient 
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finely  ground  dextrin  was  added  to  make 
0.3  grams  of  the  resultant  mixture  equiva- 
lent to  1  gram  of  the  original  yeast. 

The  basal  diet  used  throughout  the  in- 
vestigation consisted  (in  parts  per  100)  of 
washed  casein  18,  salt  mixture  (McCol- 
lum's  185,  1918)  4,  agar  2,  sucrose  15,  cod 
liver  oil  2,  a«i-  fiHered  buUerfat^  The 
^^iK^oTand  butterfat  were  added  to 
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ranging  the  experimental  groups,  all  animals 
were  maintained  in  individual  cages 
throughout  the  experiment  and  liberal 
amounts  of  the  basal  ration  were  supplied 
at  all  times.  The  nine  groups  of  animals 
which  were  used  in  this  phase  of  the  in- 
vestigation and  their  dietary  regimen  are 
given  in  Table  1. 

In  addition  to  the  above,  a  second  series 


'^^■'^^^Cf^.  6>1*.  ./  anhnaU  nsnl  .uul  thrir  nsprctive  expcrunentaUuts^ 


t| 


Oat  hulls 

(parts  per 

100) 


Vitamin  B 

supplement 

(mis.) 


5 

10 
20 
20 
20 


0.1 

0.1 
0.1 


Vitamin  (i 

supplement 

(gms.) 


Average  weekly 

feed  intake 
during  experi- 
mental period 


0.3 


0.3 
0.3 


16 

21 

20 

24 

32 

36 

40 

41 

33 


the  other  constituents  of  the  diet  just  prior 

to  feeding. 

Piebald  rats  20  to  21  days  old  and  weigh- 
ing 39  and  45  grams  each  were  placed  in 
individual  cages,  provided  with  raised  screen 
grids,  and  fed  liberal  quantities  of  the  basal 
ration.  The  bottoms  of  the  cage  pans  were 
covered   with   sheets   of   absorbent  paper, 
which  were  changed  at  least  once  each  week. 
Soiled  screens  were  replaced  when  neces- 
sary by  clean  ones.  A  weekly  record  was 
made  of  the  quantity  of  food  consumed, 
the  changes  in  weight,  and  the  general  ap- 
pearance of  each  animal.  The  animals  were 
maintained  on  the  basal  diet  until  cessation 
of  growth  occurred.  This  usually  required 
from  10  to  24  days.  At  this  time  they  were 
arranged  in  groups  of  from  6  to  12  animals 
each,  special  care  being  taken  to  distribute 
sexes   and  litters   throughout   the   several 
groups.  It  should  be  pointed  out  that,  in  ar- 


of  experiments  was  conducted  in  which  the 
oat  hulls  were  partially  fractionated  and 
each  of  the  fractions  were  fed  to  groups  of 
animals  as  the  sole  supplement  to  the  basal 
diet.  The  method  of  fractionation  was  as 
follows:  A  weighed  quantity  of  the  ground 
oat  hulls  was  extracted  with   95   percent 
alcohol  until  no  further  color  was  removed. 
This  extract  was  concentrated  under  dimin- 
ished pressure  to  a  small  volume  and  diluted 
with  alcohol  until  1  ml.  of  the  extract  was 
equivalent  to  10  grams  of  the  original  oat 
hulls.  After  the  extracted  hulls  had  been 
practically   freed   from   alcohol,   the  hulls 
were  placed  in  a  flask  and  sufficient  disUUed 
water  was  added  to  cover  completely  the 
fibrous  mass.  The  flask  and  contents  were 
then  heated  on  a  steam  bath  for  one  hour, 
and  the  aqueous  extract  was  removed  by 
pouring  the  contents  into  a  large  Buchner 
funnel  and  filtering  by  means  of  suction. 
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The  hulls  were  returned  to  the  flask,  dis- 
tilled water  was  again  added,  and  the  above 
process  was  repeated  two  additional  times, 
making  a  total  of  three  aqueous  extractions. 
The  combined  aqueous  extracts  were  evapo- 
rated to  dryness,  and  the  residue  was  pul- 
verized and  weighed.  One  gram  of  the  re- 
sulting powder  represented  20.8  grams  of 
the  original  hulls.  The  extracted  hulls  were 
also  drit'd  and  weighed. 

Four  ^Toups  of  rats  (  6  animals  per  group) 
>imilar  to  those  previously  descrihed,  were 
used  in  this  i)hase  of  the  invoti.^alion.  The 
groups  and  their  dietary  treatments  were: 
Group  1  received  a  diet  composed  of  80 
narts  of  the  basal  diet  and  20  parts  of  the 
ground  oat  hulls. 

Group  2  received  a  diet  composed  of  80 
parts  of  the  basal  diet  and  20  parts  of  the 
extracted  hulls. 

Group  3  received  the  basal  diet  supple- 
mented by  the  alcoholic  extract  equivalent 
to  20  percent  of  the  hulls. 

Group  4  received  the  basal  diet  and,  in 
addition,  the  aqueous  extract  equivalent  to 
20  parts  of  the  hulls  for  each  100  grams  of 
food. 

These  animals  were  continued  on  experi- 
ment for  at  least  eight  weeks  after  the  de- 
pletion period  unless  death  intervened.  The 
growth  responses  made  by  these  groups  are 
shown  in  Figure  2.  Since  males  and  females 
were   equally    distributed    in    the    several 
groups,  each  curve  represents  the  average 
growth  of  all  animals  comprising  the  group. 
The  average  weekly  food  intakes  for  each 
of  the  four  groups,  during  the  eight-week 
period,  were   35,    16,    19,   and    17   grams. 
All  animals  from  the  three  last-mentioned 
groups  (Groups  2,  3,  and  4)  surviving  at 
the  end   of    the    eight-week   experimental 
period  were  placed  on  a  diet  composed  of 
80  parts  of  the  basal  diet,  and  a  recombina- 
tion of  the  extracted  hulls,  the  alcoholic 
extract,  and  the  aqueous  extract,  equivalent 
to  that   obtained    from    20    parts    of   the 
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original  hulls.  These  animals  remained  on 
this  diet  for  three  additional  weeks  before 
the  experiment  was  terminated.  The  growth 
responses  as  a  result  of  these  changes  in 
diets  are  represented  by  the  broken  line  ex- 
tensions of  the  growth  curves  (Fig.  2). 

DISCUSSION 

It  has  been  recognized  for  some  time  that 
rolk'd  oats,  like  other  cereals,  is  a  satisfac- 
tory source  of  vitamin  i-i,  but  this  cereal  has 
been  considered  a  questionable  source  of 
vitamin  (\.  After  considering,^  the  available 
information  concerning  the  cereal  grains, 
our  results  were  somewhat  surprising,  i.e., 
that  oat  hulls  contained  as  much  vitamin  G 
as  vitamin  B,  and  with  some  evidence  that 
the  former  is  present  in  slightly  greater 
quantities  (relatively)  than  the  latter. 

When  the  basal  diet  was  supplemented 
by  5  percent  of  the  hulls,  there  was  a  small 
but  definite  response  in  growth  which  lasted 
for  three  weeks  (Curve  4,  Fig.  1).  After  this 
time   the   average   weight   of   the  animals 
gradually  declined,  and  a  number  of  ani- 
mals developed  symptoms  of  beriberi.  When 
the  supplement  constituted  10  percent  of 
the  diet,  the  animals  showed  a  slow  but 
consistent  gain  in  weight  throughout  the 
experimental   period    (Curve    5,    Fig.    1). 
When  the  oat  hulls  were  included  in  the  diet 
to  the  extent  of  20  percent,  the  animals  grew 
at  a  very  uniform  rate,  which  resulted  in  an 
average  weekly  gain  of  5  grams  per  week 
for  the  eight-week  period  (Curve  6,  Fig.  1). 
The  vitamin  B  and  G  concentrates,  when 
used  as  supplements  to  the  basal  diet,  in  ad- 
dition to  20  percent  of  oat  hulls,  showed 
some  beneficial  effects  upon  growth  (Curves 
7  and  8,  Fig.  1).  It  appears  that  the  vitamin 
B  concentrate  was  slightly  superior  as  a 
supplement  to  such  a  diet. 

We  wish  to  call  attention  to  the  fact  that 
the  protein  levels  varied  to  some  extent  ow- 
ing to  the  dilution  of  the  basal  ration  with 
protein  poor  oat  hulls.  At  no  time,  how- 
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Explauation  of  Curvea. 


Baaal  diet  alone. 


plU8  0  fraction. 
"  B  fraction. 

5  JC  of  oat  hulls. 
10  JC  •  "  •  • 
20  Jt   •'        <•  ♦•     . 

B  plu3  20  %  of  oat  hulle. 
G  plu8  20  %  of  oat  hullB. 
B  and  0  fractiona. 


^0 


Til^Showin,  the  e«e.  o.  the  va™.  su^.e.- and  co^hinaUons  of  supplements  to  the 


Explanation  of  Curvea. 
t  containing  20  %   of  oat  hulia. 


20  %   of  extracted  oat  bulla.         ,  u  ,, 
Alcoholic  extract  equiv.to  20  ^  of  oat  hull* 
water  extract  eguiv.  to  20  %   of  oat  bulla, 
oat  hull  fractiona  put  bacic  together. 


3ck 


Fig. 


2.  Showing  the  supplementary  effects  of  the  f«-"t  fractions  obtained  from  oat  hulls,  and 

the  results  of  a  recombination  of  these  tractions. 
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ever,  was  this  variation  greater  than  3  per- 
cent! If  this  variation  is  taken  into  con- 
sideration, our  data  indicate  that  the  sup- 
plementing effect  of  the  oat  hulls  might  have 
been  more  pronounced  had  the  protein  con- 
tent of  the  diet  been  kept  constant. 

It  will  be  noted  that  while  the  average 
feed  intakes  of  the  animals  of  the  control 
group  (Curve  1,  Fig.  1),  and  the  extracted 
oat  hulls  groui)    (Turvc    2,    Fig.    2)    were 
practically  equal,  the  animals  of  the  latter 
group  lived  longer.  This  was  believed  to  be 
due  not  to  traces  of  the  vitamins  left  in  the 
extracted  residue,  but  rather  to  a  favorable 
effect  of  the  fibrous  residue.  Whether  this 
effect  is  due  to  a  more  favorable  condition 
for  enzymatic  and  bacterial  action  in  the 
digestive  tract,  resulting  in  slight  vitamin 
synthesis  by  the  bacteria  or  to  a  third  and 
less  soluble  fraction  of  the  vitamin  B-com- 
plex,  we  are  not  in  a  position  to  state  at 
the  present  time. 

SUMMARY 
1.  Oat  hulls  were  tested  for  their  vitamin 
B  and  G  content  and  were  found  to  contain 
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an  appreciable  quantity  of  each  of  these 

factors. 

2.  The  life  of  animals  receiving  the  basal 
diet  supplemented  by  5  percent  of  oat  hulls 
was  greatly  extended  by  this  supplement. 

3.  Ten  percent  of  oat  hulls  resulted  in 
slow  but  consistent  growth  while  20  percent 
of  hulls  resulted  in  a  five  gram  gain  per 
week  during  the  eight-week  period. 

4.  Vitamin  R  and  G  concentrates  ap- 
peared to  be  about  equally  effective  in  stim- 
ulating additional  growth. 

5.  While  20  percent  of  extracted  hulls 
as  a  supplement  to  the  basal  diet  was  not 
sufficient  to  stimulate  growth,  there  were 
some  evidences  that  it  did  prolong  life. 
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CODLING  MOTH  IN   PENNSYLVANIA* 

Bv  H.  K    lIoDOKi.s.  11.  X.  WoRH.LKV  and  I),  H.   Halkv,  The  I'enusylunuu  Sn:, 

College,  State  College,  Pa. 

The  distrilmtioii   of  codliii-  n^oth    {rarpocap<^a   powouelij)   is  state- 
wide    The  topography  of  IVnnsylvaina  has  a  rnudifvint^  elU-rt  on  tlie 
nature  of  the  infestations  whieh  renders  the  insect  more  vn-ulent  ni  llie 
southcentral  counties.    In  the  higher  levels  where  the  season  develops 
'alei  the  in-uricG  are  always  lighter.    Tn  no  section  are  apples  immune 
Tnd  orchards^poorly^sprayed  usually  rank  high  in  codling  moth  damage. 
The  broods  of  codling  moth  vary  somewhat.    There  appears  to  be 
but  a  single  complete  brood  and  a  small  second  brood  of  worms  through 
most  of  the  area  north  and  west  of  a  diagonal  drawn  from  the  north- 
eastern corner  to  a  mid-point  on  the  southern  boundary  of  the  state. 
On  a  relief  map  this  will  coincide  very  closely  with  the  coastal  plain 
levels  although  it  contains  the  Blue  Mountain   ridges.     Local  areas 
of  heavy  infestation  occur  on  the  higher  levels  and  along  the  mam  water 
courses,  notably  in  Erie  County,  Allegheny  County,  the  lower  Juniata 
Vallev   and   the  upper   Susquehanna   River   to   the   confluence   of  its 
branches  at  Sunbury,  Northumberland  County.   Throughout  the  higher 
levels  in  the  Allegheny  Mountains  and  west  of  State  College  the  cod  ing 
moth  is  a  constant  threat  but  control  is  fairly  easy.    In  the  upper  hal 
of  the  eastern  coastal  region  there  is  a  full  first  brood  with  a  small  second 
brood   and  in  the  central  and  lower  eastern  half  a  full  iirst  brood  and 
larger' second.    But  in  the  lower  reaches  of  the  Susquehanna  River  and 
in  the  Cumberland  Valley  this  second  brood  is  still  more  nearly  com- 
plete, and  in  some  vears  a  partial  third  brood  has  been  suspected.   Some 
of  the  difficulties  with  which  we  have  to  contend  may  be  shown  in  a 
graph  representing  emergence  and  length  of  the  periods  of  moth  infesta- 
tion.   Attention  is  called  to  the  variation  in  emergence  of  the  wintering 
brood  over  the  period  1925-1933.    Also  to  the  length  of  (light  periods 
as  indicated  by  the  graph  (Figure  .")). 

^Publication  authorized  by  the  Director  of  the  Pennsylvania  A^'ncultura!  Experi- 
ment  Station  November  21 ,  1933.  as  Technical  Paper  No.  020. 
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Control  operations  are  not  difficult  except  in  the  area  of  extensive 
commercial  orcharding.  In  the  western  and  northern  counties  compris- 
ing more  than  one-half  of  the  state  four  codling  moth  applications  are 

RMERBGE    CODLING  /AOTH   OCCURnENCE 

PENNSYLVffNm 

emergence]^  of^^st  summer 


13^3 


June  July  Rugust  Sept 

FiG.  5. — Codling  moth  occurence. 

sufficient.  These  include  the  petal  fall  and  three  cover  sprays.  In 
isolated  orchards  through  this  area  often  two  cover  sprays  are  all  that 
are  made  with  a  large  proportion  of  clean  apples  resulting.  In  the  coastal 
plain  region  five  applications  are  sufficient.  In  the  heavily  infested  area 
five  are  required  except  in  cases  where  extra  precautions  have  resulted 
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in  a  reduction  of  codling  moth  population  to  the  extent  that  the  last 
aoplication  in  July  can  be  omitted.  Even  in  this  region  comprising 
portions  of  4  counties  the  number  of  cover  sprays  needed  often  is  an 
individual  orchard  consideration. 

The  effect  of  this  program  over  a  period  of  years  is  shown  m  the  follow- 
ing tabulation,  Table  1,  of  orchard  surveys  in  1.251  orchards  m  the  55 
counties  having  spraying  information.  The  incompletely  sprayed 
orchards  include  those  where  the  timing,  method  of  applications  or 
miichmery  employed  prevented  the  harvestiriK  of  reasonable  ainoimts 
of  apples  free  from  cotUinK  moth  injuries. 

Table  1.    (^)I)I.ing  Moth  Suppkkssion  1929  1933 

Method  of  No.   of   Conditions   willi   rcsinvl   to    .ippUs 

Year  operation       orchards      TotaKv.eld  ^^^^^  ^^y^^, 

iq2q  Complete  114  522,883  12.549  2.4 

;?2y ."  103  696.869  9.059  1.3 

iX?? "  96  677,575  17,617  'Z.^ 

1931 „  ,25  1  122.800  20.210  1.8 

1932 ..  25  11^^^  ^^^28  2.6 

1933 ^             ,  ^  '1\  fi2  740  4  536  8.6 

1929 Incornplete  24  ^52.740  ^4.5.6  ^^  ^ 

1^30 ..  180  947,350  85,261  9.0 

^31 ..  217  1,054.330  95,628  9.07 

1932........    •    •    ••  ..  ^49  914,500        130.442         12.4 

The  condition  with  respect  to  spray  residues  has  been  given  atten- 
tion in  the  making  of  programs  for  codling  moth  control.  Fortunately 
during  most  of  the  years  that  tolerances  have  been  placed  we  have 
been  able  to  follow  a  definite  schedule  of  cover  sprays  using  lead  arsenate 
at  the  rate  of  3  pounds  to  each  100  gallons  of  liquid  and  have  not  experi- 
enced serious  trouble  from  that  source.  In  all  instances  where  apples 
have  shown  arsenic  above  the  tolerance  the  cause  can  be  directly  traced 
either  to  the  use  of  extra  amounts  of  poison  or  to  delays  m  applying  the 

last  cover  spray.  ,  , 

Analyses  of  Spray  Residues.- This  phuse  of  the  work  was  done 
through  the  cooperation  of  the  Department  of  Agricultural  and  Biologi- 
cal Chemistry  under  the  direction  of  Dr.  D.  E.  Haley.  Some  475  samples 
of  fruits  have  been  collected  at  harvest  over  a  period  of  five  years 
using  the  method  described  in  the  previous  publications  of  this  series. 
The  fruits  had  not  been  handled  and  were  analyzed  for  total  arsenic 
and  total  lead.  The  procedure  of  the  analyses  was  the  same  as  described 
in  the  articles  above  mentioned  with  respect  to  the  arsenic.  The  rela- 
tion of  the  samples  to  the  arsenical  tolerance,  dosage  of  the  poison, 
'lour.  Econ.  Ent.  20:  No.  4,  pp.  (i07-614.  1927:  ibid,  24:  No.  1,  pp.  83-87,  1931. 
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fndt  cover  sprays  and  weather  conditions  is  given  in  Table  2.  For 
convenience  in  comparison  the  tolerance  used  is  .01  grams  of  arsemc 
per  pound  of  fruit,  irrespective  of  earlier  tolerance  spec.f^cafons.  This 
vear  only  seven  samples  showed  arsenic  trioxide  s hghtly  above  00. 
grains  per  pound  of  apples  and  of  these  two  were  .OOb;  one,  .007;  two, 
.OQS;  and  two,  .000  grains. 

Tsiiii'  "       \NM,v-<i:s  OF  .\F.-l.l-i  K.H<   KFsniiiM.  .\km:m.:   l(V2(;-l<.m 

Nu.  l>l>s.  Xo.  No.  X". 

1920 24  3  «  excess  rain  0  0  24 

1930 >H  4  1^  3  0  12 

1931 I'l  5  12  8  2  55 

^^"-*" .-,  o  q  mod    dry              *  ^'  ^'^ 

1032  8S  4  12  n  n  fi 

loi: :::::::.     n      3       9     excess  ram     0       0       e 

1933 ;;>       07  0        0        44 

1933 44  2  9  0  0  13 

1933 13  4  V 

In  '^^  additional  orchards  m  this  year's  series  where  two  cover  sprays 
were  apphed.usni,^  a  dosa^^e  of  2J^  pounds  of  lead  arsenate  and  2  pounds 
of  powdered  milk  to  each  100  :^allons,  the  arsenic  trioxide  per  pound  of 
apples  ran<:ed  between  a  trace  and  .002  ^^rains  per  pound  of  apples. 
'I'hree  cover  spravs  were  put  on  in  seven  (orchards  usin^  other  calcium 
arsenate  at  the  rate  of  :^  pounds  to  each   100  gallons  of  dilute  spray, 
or  lead  arsenate  2^2  pounds  plus  calcium  arsenate  li  pounds  to  each 
100  -allons  of  sprav.    The  combinations  of  lead  arsenate  and  calcium 
arsenate  were  either  two  pounds  of  lead  and  one  p(3und  ol   calcium 
arsenate  or  one  of   calcium  arsenate  and   two  of  lead   arsenate.     No 
appreciable  differences  were  noted  m  the  arsemc  trmxide  where  the  com- 
binations were  used  and  it  was  either  a  trace  or  .001  K^rains  per  pounc 
of  ai^ples.     The  apples  treated   with  calcium  arsenate  at   the  rate  ^ot 
three  pounds  to  each  100  -allons  of  chlute  spray  slu)We<l  only  .002  ^^rains 
of  arsenic  trioxide  per  p^mnd  of  apples.    Some  21  samples  were  taken 
from  orchard.s  where  control  was  poor  due  to  practices  used  and  on 
these  apples  not  more  than  .001  k^ram  of  arsenic  trioxide  wa^  foun.l.^ 

The  lead  resi.Uies  were  analyze<l  this  year  acconhn-  to  a  modifica- 
tion of  the  method  of  Lyneh/^  as  used  by  Percival  an.l  Potter.'^    For 

^Lynch,  W.  D..  et  al.     Pois.^nous  Metals  on  Sprayed  Fruits  and  Vegetables.     U.  S 
D.  A.  BuL  1027,1922.     Percival.  G.  P.  and  Potter,  G.  F. 

•Amount  and  Vanabilitv  of  Spray  Residue  on  New  Hampshire  Baldwins.  N.  U- 
Tech.  Bui.  49,  1932. 
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this  purpose  58  samples  were  selected  from  the  lots  collected  and  these 
represent  the  average  conditions  in  completely  sprayed  commercial 
orchards  Four  of  these  samples  when  analyzed  had  a  lead  content 
in  the  residue  above  the  tolerance  of  .02  grains  of  lead  per  pound  of 
aoples  The  highest  amount  found  was  .03  grains  per  pound  of  fruits 
and  the  most  of  them  were  between  .004  and  .009.  Only  five  of  them 
r.n<^cd  between  .02  and  .03  grains  per  r^ound  of  apples.  There  was 
,,^,\  relation  between   ilu-  amounts  of  arscaiic  and   the  amounts  ol   lead 


ai  ihe  sanu    <ain])U 


or  111  I  'te 


The  larger  amounts  <  .1'  U-a-l  were,  liowe\er,  ip.ni 

Zwv^v-^  taken  in'citlier  <  .ur  (U  inon-t  rat  ion  orehanl  ni  Franklin  (^>unlv 

iKir.ls  wlure  the  fnnt  -rowers  sprav  tlieir  l  rees  according  t^.  the 

1  wr  liave  .Icnionslralcd  to  ilu  m  a.nd  u:-.e  n,  our  own  > .]  .erat  i:  >n.s. 

PXPKKIMKNTAL    1  )aTA    oX    CoDLlNi;    MoTll    (  ^  .  NT  k(  •  L.- ^  The   f<  nvgoUlg 

discussion  IS  of  general  orchard  conditions  with  es])ecial  reference 
to  the  effectiveness  of  the  contn^l  program  suggested  through"  the 
Agricultural  F:xtension  Service. 

A  codling  moth  research  ])rogram  was  initiated  m  192S,  but  until 
1931  the  w'ork  was  limited  to  a  study  of  timing  methods  for  spray 
applications^  and  the  use  of  su])i)lementary  control  methods,  notably 
banding.-'  Bait  ])ails  apioear  to  be  more  satisfacTory  than  emergence 
cacH>s  in  heavilv  infested  orchards,  because  they  indicate^  more  clearly 
the  i)eriods  of  moth  tlight.  During  the  past  tw;)  years  they  have  been 
used  successfuUv  in  a  number  of  commercial  orchards.  Tlie  scraping 
and  bandnig  of  apple  tixe^  is  rapidly  becoming  a  general  ])ractice 
where  the  codling  moth  is  a  i)roblem. 

In  H)31  spravmg  experiments  conducted  in  a  heavilv  infested  Adams 
(T)untv  orchard  showed  the  necessity  for  four  lirsL  brood  cover  sprays 
and  the  advisabilitv  of  ad<litional  se.Mnid  brood  spravs  m  such  orchards. 
Xo  undue  residue  of  arsenic-   resulted   from   four  cover  spravs  ending 
Iiilv  1.    In  1032  the  application  of  five  cover  sj^-avs  endmg  m  mid-July 
reduced  the  (-odling  moth  i)()pulation  by  half,  but  produced  a  recukie 
of    02S  grams  of  As O^  Iht  ])ound  at  picking  time,      (^anparisons  of 
sprav  combinations  m    1032   indicated   that    the  addition   ot   casern   or 
nnsrible  oil  would  allow  no  reduction  in   the  dosage  ot   lead  arsenate. 
A   complete   cover   sprav    schedule   of   nicotine    tannate   with    dotation 
sulphur  was  unpromising.     However,  hsh  oil  at  one  (luart  per  100  gal- 
lons of  s])rav  increased  the  e   ectivenes  of  the  standard  spray  mixture. 
It  was  not  "used   in    l'.)3;^.   tor  two  reasons.     First,  its  nauseating  odor 
when  mixed   with   lime   sulphur  would   force   the   use  of   a   substitute 

«Pa.  A^'r.  1-:kp.  Sta.  Bui.  277,  1932. 
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fungicide  not  recommended  by  our  pathologists.  Second,  it  was  feared 
that  its  marked  adhesive  properties  would  lead  to  danger  of  excessive 
residues  of  arsenic  and  lead,  even  if  it  were  used  m  only  one  spray 

application. 

The  basis  for  this  fear  was  a  study  of  arsenical  residues  conduc  ed 
at  State  College  in  1932.  which  showed  that  both  the  arsenic  and  the 
degree  of  control  were  reduced  by  the  addition  of  hydrated  lime  and 
increased  by  fish  oil.   Fruit  given  three  cover  sprays  with  hydrated  lime 
fell  under  the  tolerance,  while  two  cover  sprays  containing  fish  oi 
fell  above.    In  Table  3  are  presented  figures  from  a  plot  receiving  lead 
arsenate  at  3-100  in  five  cover  sprays  to  show  the  effect  of  spray  appli- 
cations, growth  of  fruit,  and  weather  conditions  upon  the  amount  of 
arsenic  per  unit  of  fruit  surface.    This  treatment  left  .021  grains  of  ar- 
senic trioxide  per  pound  on  the  picked  fruit. 

Table  3.     Loss  of  Arsknic  from  New  V..kk  A.-pi.ks  .nt  State  College.  Pa..  V>^r 

June  10*    June  21*     July  6*     July  25*    Aug.  5* 

to  to  to  to  to 

June  20       July  5       July  24       Aug.  4       Oct  1<^ 

n  1-1  (^^A^)  0  ISO  0  264  O.'JH.S 

Ave.  daily   rainfalL^indies    O.lol  0.140  U.loU 

Siirjacc  area  of  fniit 

o   1-  •i7_?«  78-44         44-34        54-100 

Per  cent  of  t.)tal   ■■■ «   '  ^^  '     -  "    ,.  i_>  1.8 

Times  increase  during  period  

\^.,Or^—(ji!is.  per  square  meter  cj  jruit  surface 

IOnS  1  '75  1.034           1.14R  1.5*'0 

After    spraying     .^ ^-  ;  •_,  ^jy^^^           q -4s  1.4m7 

Lost  during  period ^'^  •     r  ^^  ^^^           ,,  |,,i  ,)  S8.5 

Expected  loss  from  growth    U-V/  u.n                                ^^^^  ^^^^, 

Per  cent  loss  due  to  growth X4.1  -+  'u 

♦Spraying  dates. 

The  "expected  loss  from  growth"  has  been  computed  by  dividing 
the  am.ount  of  arsenic  after  spraying  by  the  "times  increase"  in  fruit 
surface  during  the  period  of  loss,  which  gives  the  amount  expected  to 
remain  if  growth  were  the  only  factor  concerned.  The  table  brings  out 
the  following  points. 

1    During  June,  when  the  fruit  was  increasing  rapidly  m  size,  loss 
of  arsenic  per  unit  of  surface  was  correspondingly  high.    The  need  ot 

•From  unpuhlished  thesis  of  W.  S.  Hodgkiss,  Dept.  of  Agri.  and  L.iol,  Chemistry, 
The   Pennsylvania   State  College. 
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accurate  timing  of  spray  applications  to  meet  the  peaks  of  egg  hatching 
during  this  period  was  indicated  even  with  intervals  only  10  to  15  days 

between  sprays. 

2.  If  spraying  stopped  on  June  21,  when  the  fruit  was  only  17  per 
cent  of  its  final  size,  subsequent  growth  would  reduce  the  amount 
per  unit  area  on  the  picked  fruit  to  one-sixth  the  amount  at  the  date 
of  application.  This  fact  was  pointed  out  by  Ihimilton-  whose  studies 
indir;itc(l  tliat  the  early  cover  S])rays  arc  not  dangerous  from  the  stand- 
])()iiit  <  if  arsenic   toK-ranct'. 

;]    As  llic  season  ])ro,uresse(l  and   tlic  fruit.  a|)])roac)ied  tnore  closely 
ilsiinal  size,  less  of  tlie  arsenic  Dcrunit  area  lost  Letween  spra\'  ap]dica- 
liniis  was  Cine  I"  iVnit    -nAvtC.     dims  Cv  Jnlv  T.  ne.arlv  'M)  per  cent    of 
the  frnil  snrface  was  i)resent,  an.d  a  tlnavl  spray  ai)])lie(l  on  tins  dale 
produced  .UOS  grains  of  As.O.i  per  pound  at  har\-est.     The  table  shows 
that  where  spraying  was  continued  to  August  5,  when  the  fruit  was 
over  half  grown,  the  arsenic  on  the  picked  fnnt  reached  .021  grains 
per  pound  in  this  dry  season,  even  though  fruit  growth  accounted  for 
GO  per  cent  of  the  loss  during  this  period.    It  appears  that  in  any  year 
each  spray  application  after  the  latter  part  of  June  will  depend  to  a 
greater  extent  upon  rainfall,  which  cannot  be  predicted  to  bring  residues 
below  the  established  tolerance  at  picking  time.    The  recommendation 
of  the  U.  S.  Department  of  Agriculture  in  the  spring  of  1933  that  lead 
arsenate  be  omitted  after  the  second  cover  spray  in  our  section  was 
well  founded,  even  though  our   1933  experience  indicated  that  three 
cover  sprays  at  standard  dosage  would  have  been  safe  with  the  heavy 
Auc]^ust  and  September  rains. 

SrMMARizATioN.—Over  most  of  Pennsylvania  the  small  size  of  the 
second  brood  of  codling  moth  larvae  allows  control  to  be  obtained 
through  a  schedule  of  early  sprays,  without  danger  of  excessive  residues 
of  lead  or  arsenic  remaining  on  the  picked  fruit. 

In  the  export  apple  growing  region  of  southcentral  Pennsylvania, 
the  development  of  a  large  second  brood  of  worms,  and  of  a  possible 
small  third  brood  in  favorable  seasons,  requires  lead  arsenate  at  standard 
dosage  in  three  or  four  cover  sprays  extending  to  the  middle  or  latter 
part  of  July.  For  the  most  part  the  necessary  schedule  has  been  ap- 
plied without  bringing  arsenic  above  the  tolerance. 

In  orchards  where  large  populations  of  codling  moth  have  been  built 
up  control  constitutes  a  special  problem.  Often  this  relates  to  individual 
orchards.   Four  first  brood  cover  sprays,  additional  second  brood  sprays, 

Mour.  Ec.  Ent.  22:  No.  2,  pp.  387-396, 1929 
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and  banding  of  trees  are  indicated.  In  the  absence  of  substitutes  for 
arsenic  that  can  be  recommended  without  quahficatton.  our  exper.- 
mTnt  1  Idies  indicate  that  adequate  dosage  and  a^-ts  ^f  -d 
arsenate  produce  a  danger  of  excessive  residues  after  the  latter  part  ot 
June  and  that  fruit  washing  must  be  resorted  to  m  heavily  infested 
orchards  in  comparatively  dry  seasons  ^^ 

The  general  orchard  survey  shows  tli.it  .i  rauicr  ilik 
ine  f,LULia  1  ,.,;,„.,1  im.lcr  till- lircscnt  ■^tarulanl  system 

commercial  conlrol  can  be  ..btamul  un.ki  I 

without  danger  from  an  excess  o\  ether  arscnu-  o,  Ual  rcu  nc.  le 
obi  1  enicicncv  the  <losagcs  used  must  be  corre.-t,  the  appUcat.ons 
SmK Average  of  leaves  and  fruits  eon,pU.,e  a,n,l  the  spravmg  e.,.n„- 
ment'must  be  sufficient  to  do  the  job  correctly. 
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W.   C.    Setdirist,    Foi'estry 

Horticulture 

S     W.    Fletclier.    Head   ot    D<'p;i  it  nir;:t 
C.    I>:.   Myers.    Plant    Ib-eediu^ 
F.    .X.   Fa^Mii.    Pomolouy 
\:     D.    Antiiony.    Pomology 
!•:     I     Wilde,   ()rnameiita!    I  lort  iciilt  iir.- 
l'    P     P.raek'en,    Landscape   A  rcliit.ctu^ 
W     P.     Mack,    \'e>ietable   Cardeiiiiu: 
W.  W\  Trainer.   Landscajie  Conslnicli'ir 
M.    'r.    Lewis,    Plant    Preediiif.,^ 
K     II     Sudds,    Pomology 
C.    W.    Wild.    Landscape    .\  rclut  ect  u-v 
\     1-^     Cooke,    I'Moricuiture 
(  ;     .1      Stout,    N'eKctable    Card-niiiK 
C,      II.    Powell.    Landscape    .\  rdi  itrrPir- 
L     P     Alealil.    Xursi'i-y    Industry 
|<-.    W.    Haller,    \-eK''table    C.ard'imm 
W.    S.   Clark.    .Ir.,    Pomolo.i;y 
Poultry    Husbandry 

II     i\   Fnandel,    Head   of   Delia  rt  nient 
|.;'    W     Calb^nbach,    Poultry    llusbaii.'.rv 
D     lU    Marble.    INuiltry    Husbandry 
I-     II     Mar^olf,    Poultry    Husbandry 
IL    P.    Murphy.    Poultry    Husbandry 

Rural  Education 

11     C      Parkinson.    Head    ol     De|i;irlnu;i 
W      \     Provles.   AKricultur.il    l':dncati"' 
W     F     Hall     AKricnltur.il    l-Mucation 
C  'S     Vnderson,  Agricultural   I'Mncati"' 
.1.'    W.    lu-cker,    A^^n-icultural    I'Mucation 
ZoolocT  and  Entomolog-y 

1.:.    II.   Dusham,   Head   of   Department 

("..    P.    .Xewman,    Zoo!o^;y 

K.    D.    Casselbei-r.y,    Zoology 

\'     II.    I  label",    l^ntomoloL,^v 

II.    .\.    Wcuthley.    l-aitomoloKy 

II      M.    Tiel/,,   Zoolo^'y 

S.    W.    Frost,    l-a-onomic    l-ait omiii«>^'> 

(  Arendts\  illc)  , 

C.    A.    Thomas,    l-:conomic    I'Lut  omolni,> 

(  Keiinett   Square  > 


(I.    1  i\errioi  IM,    A\i\i"i"!^y  .  ■        ,. 

tl„   ,.„„„..-Mllon    Will,    111-    riiii-l    -^l^i'-^    1'-l'ii'-<"i-"    ;,"    •"-■;"■""".'■'■■,„.,„,,... 

.,..,„T-r'ry- :■'.!;;;  ^:::,',!;:"i  ^nl!.';-  -ciii;!.^:-!^:;:'^;:- 'o."t-l;:'^n;;;.:,;'  ■^^m- 

State   Collope,   Centre   County,    p.-misy  1  v.i  nia  . 


The  Vitamin  D  Requirements  of  Growing  Chicks 

and  Laying  Hens'  "' 

K.  K.  Mpki'HV.  .1.  Iv  llrxTi.K,  axd  II.  (^  Kxandi.l 

W,.p,nx  llic  last    r.Av   vcnrs.   ubirk.'d   clbinuvs  hnvp  «.c<miit(m1   in   llir 
,„plli,)(ls   (MuploNcd    ill    ivni-in-   and    iii:in.-i<jin-    poiillr.x.      MikUs 
.,,.,,  iH.iii"    IkHcIhmI   cjirlipf   ill   llic  ^<'as(.ii   1li;m    w.is   I  ..niicrly    the 
,„„„„„..,  V'-^x'li'--      Karly   liMlrliinu'  h.s  ma.lr  il    nrc^.ss.ry   n.  ennhn,.   IIm- 

I,;,],    r,,,.   ;,    ,,;.rl    of    \Ur    P. -,  lill  - -•   !  >< '  ri(  H !  ;    Hi    lii;itl>     Ill^hlM.-.-    1,ir    Invus    ;ivr 
',,;,,•„,,!      IV,. „,      lial.-lllML--     tiirnllL-l,      MMllM-llv.         'rilis     ,„■;.,   lice     1,;,^      |  M.  A  r<  I 

.,,|^.|,.||,i,.   wlicii    r;i!i-  ■   c Ill  P)ii.s   aiv    iiii^;ii  i-l;)c!Mr\  . 

Cl.lek-  nnu   ;if>    1m  ill-    iir.MlMceil  ;,ip1   i-;iiv.i   il,rn,P,hnnl    !),.•  nilirc  y.-nr. 

^,.       „;.,|..     li,,.      ,e...d.|c.      ,1       ,.     .••^.. ■1111:1!      llial       llH'V       I.'     -^MMmIic!      Ulll,      -^MMie 

vi,„of  xipiMim    i)       Wiii^'i-     nii.lMi,.'   i-.   11.^1    -.    ■II--',    e   ;,.      -Mnn.r  -iM, 

;;;;!,,„  ,1,,.  pDAvnn.d,  nr  ...kHs  ,„  duck.,  ih.n.  ih.i,.i.i.  .,.1  ^b'^'n 

ll,\,   tn-)-',    rmiM.l    libit    ,mmI    kivcr  ..il    ^^..l:i.l    prrvml    Hi.    ;.pp.-ai;ii,co   m 
,,i,|,,,s    in    (M.nfiiHMl    chick..      This    w.ipk    wds    tnrlluM-    s-ihslnni  n.hMl    l.y 
Mitclu'll  KcndaU.  and  Card   (  i:)l';'>). 
M.i^l  of  111.'  invc.sliL.;i1i<Mi.s  <.r  the   riMpiin'Munls  cf  .rmwinv  diicks   for 

viunniii  I)assnp|>'"'<l  »•>•  *-'l  'i^-''  '"'  ^'''''''  '■"''"'"'  ""'>'!"  ^.'"'  '■""""- 
,,,,i„l      Tlip  w.ifk   lipf  nMH.rlpd.   Nvhicli   mvcivd   a    ppim.mI   ..t    Uvn  vpoIs. 

i.  ,  sliidv  (.r  lib'  vildiiiin  1)  i-cpiirciiicnts  ..f  -..nAvin-  (lucks  and  kiyiii- 
,,„;i  hnrdiii'.'  li.'iis.  The  invcsli-ation  alsc  indiid.'d  sHidics  ..n  llic  -"ttr.-l 
nlvnri.dis  Ipvcis  ..i"  cod  liver  oil  I.mI  In  i1p'  i.b.llicr  I. en  nn  ll.c  i-c.s,d1ant 
„,r,p,-i,p.  The  cm!  r.vcr  nil  used  uas  Inrliiic.!  will;  vilP.ii.in  I)  ln;in 
nHMiv.T    nil    ;,iul    .-iss.v.l     w.lh     iM.th    chick,    aibl     nils    1n    dcPTininc    its 

1,,.„,,,,1,.,,1     l;il)(,r;i1nrW'S    cnnpcrillcd    111    tcsl 


itjiiiiiii   I)   potency.     Three   itp 


vil; 


nn.  piis  oil.      li\    the    rai    ;is<;.>  .    i1    \v;i.    tonn. 


f,, 11,1(1     1.1    conldin     100    Steetihnek 


niiit.s  ()!•  '.I'l 


•()    Intenuition.-il    units    per   -rain    when    i.i.'   co 


\v;is  used    tn   <'\pl-e.s   the    polelic.v    ill 


ii\-ei'sion  r.iclor 
|iMeni;iti(di;il  units.  At  nr-'.en^ 
iuciv  ,s  no  ..eiiendlv  ..cce-pted  re.a miiiicndnl  .on  :is  m  the  vilan.m  D 
rciui.vpient  of  the  hiviin:  hci.  In  i'aH,  .1  In.,  heeii  .•i.sn.iied  that  die 
liiyiiPj  hen  ..ml  the  -rowin-  chick   i-cpiin.  siniih.r  d.nonnts  nl   v.lPii.in    D. 

TIh-  pi-n,cip;.l    <.l.iectives    ^^rvr   In   d.-t -n..  me    the   effect    <.f    Vd  IW 1  n-    le  Ve|s 

nt  ,o,|  liv'1-oil  on    '  1  )   -roNMh.  hone  i  oin.dt  io...  and  -einTdl   phy.iolo- ic;.l 
,f  .-rouin-  .'hick'^  uhen   U'^  ;i   u  elld.;.lan(  ed   .■i.lion:    >  L>  ,   -o- 

■  i-hi     in     l;i\in'_:'     p. diet.: 
l'  ,,r  ......    .hell,   cdlcinn.   content    <d'   the   lilood.   ;in<l 

tliclc-nv  nf  hnlie  cH  lcl  lie:,  t  in.l  ;  '  I'  the  ImtclnilMlily  of  e-.  pn.dllc..d 
l.y  the  pullet.  :  and  '  •  m  theeffecl  nf  1  he  vit ;.  in  m  I )  iv.epve  <•;.  iTicd  nx  e. 
freiii  die  parent   In  the  nff.prin--. 


i|c\  cldpllielll    ( 

prodiiciiiin    and     the    iiiaintenance    nl     IhmPv      w  » 


eu'u'  \\ cpj lit .  a npdii. 


■|  lii>    w  I  I  k    w  .-I-    III  ;h  li     p<  i---il 


fur    Ph.    ,|r,,,,.     ,.t      I.,,.. In,      nl      i 'Il .  1- .^i  iph  '■        M       \.M.>:|.iM:,l     ,l,nl      ..Milo.H.    I  1 1'   :  n      ON 


;ili     S(  , 1     ,it     ■jh,       l'.'lili-\  l\  ;ilii;i     SI  ;ilr     (    i)l|rt;i 


;i 


Cod 


■;■;„     l:,n,>,,,h-,un„   S,.,l.    CM,,.       A.in^^M^Jr,,.  n,,..  «l    SM„.„ 


Experimental  Procedure 

Tw.  Ih..ns.„.l   SiM^lr  ('..Mil.   Whit,.   Lrj^iH-n.   .•l;iH<s  „r  ■ri„.   IVnnsjl- 
v,„i-,    sun,.   C.ll..",.   .l|..,iM.    l,iil,-lH.,l    Apnl    12.    rt.iJ     «,.,.,.    us,,!       I,,; 

;,:iXl  'hhI  wino.  I.n„l,.,l  .1  lun,-!,-,,,,  Hn,,..     Tln.s,.  ..|„..k.s  .,.,-,.  s,,,,,.,,,.,, 
Ic,  III,.   r,,l!,,\vill'.;-  ,-\|i,.l.lHliMll,.|l   ,-,ill,lltl<,lls. 


i  ,'  ri'H  j:    II  II  III  '"   ' 

1 

2 

3 
4 

5 

6 

7 

,^ 
i) 

10 


i;;,11,M'\     linnidiT      coiitiiitM! 
j;;ill;.r\     lii'dod.r      (Miii!iiHMl 

rolllilM'  I 


l>;ill,l_\     hfoodcr       '•niilinrd 

i;;i11('r\    brooder      (MiidiiM'd 

li:i11t'i  y   l)r(H)(lcr     contincd 

r,n1l<'ry   l)r()(«l(r     eoidincd 

r.allcrv   l)i-()()(lci- — (MtniiiH-d 

(\,1()MV   })i-(hm1.t   lions-      limi1(Ml    i-;in-v 

(\)l()iiv   bi-(.()d(M-   Ikmisc      linii1('<l    ran<iv 


/%  Id  III    forlifn  (I 
cod  I  in  r  oil  I II 

(ill   nutsli   I'lilxm 

N  n  1 1  ( ■ 

1  :;•_! 
1  lb 
1    - 

;;  lb 
1   4 

;;  s 
1  - 

None 

1/S 


(.,,„„s  1    In  ,^  Nvrr.  br.H.drd    in   b.ltrry   bn.nd.rs,   (..rl,   d.M-k   ..r  wl„d 
^''    "•  .  ,      •       1     .         1    ..    ..  ilr.t    mII  decks  con  (    be  Hiniiilaiti.'^ 


1,.,1  •,,,  ...ib.iiy  brooder  liouses  ol'  >iiii 


hilcd   room   (Miiiipi 

were  allowed   to  <'n1.M-  lli(>  room, 

(I,,,,,,,..)  j.nd    10   NVrre   brooded    111    eolon. 

,.,,,,,  ,.,:,.,n,H,,,n,  h,....,i  w.u, ,,..,,.....  3-^ 

,.lii,'ks   i„    bolb    -i-roiii.s   lia.i   ;n-e.>s.   .ii    .iM    niii.s. 
si/e  llial    \v*'re  sown   1o  oals. 

All  -ron-,>  Nver.'  U'^\  Hm"   lollow.nu  all-iua.sb   ndioiis: 

Basal    ration    for    urowmL 

Ba^al    ration   for      stock    and    layin-   pulled 

youn^  chicks  (Fed    from    12    vvcck^  t" 

(Fed    from    one-day      the   conclusion    of  the 

old  to   12   weeks* 

4:')..")    pounds 


(iroiind    \('llo\\    .'orn 

Wbeal   bran 

Standard  wlieat   niiddrm-.^ 

Alfalfa    leaf   meal 

Meat    scraps    i  .')•")'  .     protein  ^ 

l)i-ied   milk. 

(iround   In  a\y  oats 

(li-.aind    limestone     '!»^''     <"a("() 

Salt 


rp 


rotal 


100 
10.0 

10. n 

10.0 

10.0 

1.0 


loo.o 


experiment  • 

1, ')..")    poUilib 

10.0 

10.0 

:).o 

7 . .") 
7.-» 

10.0 

4.0 


100.0 


i:„ihin>  .!<>.;    i-,taii,iii  n  n.u""' ""  "'-^  "'  ^ ''"''■'  "H^'Ji^J^ 


'Idic  luaslics  w 


,,,,'  mixed  at   tlie  colleoe  poultry   farm  as  need,  d      From 
,  '"•   'iTmilvses  it   lias  been   found  llial   meat   scrap  vanes  considerably 
'S    ;        in    Hs   n.ineral    conlent.      To   overcome   t  bis    varial  ion.    mea 
^'  '       purci.ased    in    ton    lots   ami    remixed    befor.     usn...      A    1  re. 

'      '        V  m-sl,   was   mixed    v.itb    fortilicl    cod    Wvrv  oil    at    intervals   n< 


)t 
i;.,,.'   two    wcM'ks        1  lie   on    was    \^el;^^lM    ..i    _■< 


veeks.      Tlie   oil    was    wei-lied    in    lira 
was   t; 
llin.u-liont   tbe  inasb. 


1  iiiie    to   time   sliowt'd 


,.|,„,„i,,,|,„;,|,,„.,  ,,nl„.  l,:,si,l  ,„.>l,...  m.,1,-  rn.i.i ^^^^^^^^    ^^^ 


riie  .--tart  iii'j    mash    a\ ' 

|Mr    rent      prnlrH:. ''     '"      ' 

r|i(.  ;o,(.ra'jc  anal  \  s|n  <i 

pruteiiL  :•;!'    P-r    -'Ml    eabMU.ii.    and    O.H)    p-t    eenl     plM-, 

I     n\      dl|-er|      -.MIl-.bilM       ;  I  M  d      I  e. 

\\  iirn     t  bree    and     dUf   S;.- 


,  .  I  ■    I  •  ,  .  '  i  1     1  e  ,  ,  1  -.  p  1  !  I  '  r  I 


^,,,.V     lllllc    dlffeienie     IM     e,  ,)  1 1  pos!  1  h  .n  . 

'     '7     prl     '■'•n1     eaieni'i 

■    ll,,'   -jroxMiij    and    b'\  nej    iiia-ii    n^  a  -    !•'    1    i"'''   '■'■'" 

)lli  in  !■-.        *    b  lek-- 

•''"'"'  ,     ,      ..  ,    ,,.    .1,,. 1 !,:dt     u.-ks   nbl:    a1     in    x-'i^s    o' 

,.\  idelice    ol     lac 


!  ( ■     h;;  --a 


,.,  all,.|M<.K-.n,   lln-.nMip  ^h,.",,!  ,|..r,n,l..   r.,rW,\u-  >,>  n,|,l,.in.. 

\V1„.„    luur   w,-,.ks   „l,l.   111,.   ,-,.,-k,.n.|s    U- .11    un.up.s    ^u■,■r    ,-,.„„.v..,l 


I       4  ..(;>,,,,   1  ,  r  !•(  >  1   (    I   >  V  W  (  '  t'e 


|.,,,,,,   il MM.fiiiH.nl.       I  ii"    ]>iill,.|s   III    111,,   ■■r-ii,    ; 

,      n.ru   li,..l,..l   t..  nMli,..1...1   l.m,.n,.>  in   :.n„ll,,.,-  i; i..l    n-  Knn,; 

,1  il...  ,n  xvlii,.h  n   nnir,.nii  „.,ii,.,.,-a.i,n.  u.s  niiniil.in,.,     l,.v   „„.im> „ 
ianlM.nl      Tli,.  ,-,.MnM,.,l  .n.up.s  n..„..n,.,l  iIht,.  mini  hh.v,.!     ,m1i, 
lini i'!:  ,;,.,i.  .,    1-J  -,.,.k.  ,.r  ,......  w1i,.,i  .!„.  .niwiiiu-  .i„l   la.viiu:  in.<li   was 

.ii'listilul,.,!  r,ir  til,'  slailiiiu'  ma.-li. 

Si.lv-fiv,.    n.|.n.s,.,ilar,v,.    |,nl|,.|s    Inm,    ,a,.|i    ,.r    ll„.    10    ^i-'Mw    w,,-,. 

,l,.v,.l„pi,i,.nl     aii.l    s,al '    n.atunl.v    ^u-vr   r„u~-u\.vrA    hi    Hi,-   .■■!,, n.iL 

,J:U;  ^.niln,.,!  .n.ups  lia,M^.,n-  wui,|,,w  .s,.l,,.>  liiii..v.l  a,   .1,.;  1^ 
iiu.l  s;.,,,...   HI   al    .h,.   I,.p   lor   v.nlilali,.,!.      l;.;anl.>   »-n.    I'l--'   •■'       '' 
si,l,..„nl,.-.sa>li..s,„k,.,.p,inMli..Milil.'.lil.        .'•  '^'^'^^  "'•"'■'    ■:'',,: 

k,.pl    ,.,.v,.,-.,l    will,    a    M,a| 111! >i,l    l„    p.-lnl-il    any    „  1  niM,.l.       I.i, 

In'ii,  ,.nl,..-in..lln.   P-n^.     'nH'  In-nK— 1'  lli,'   l-i-  "i"'-!'   '"".'-■■I   "'■'"; 
„„„|,„„.  opnips  u,...,.  ,.,p,ipp,.,l   Willi   a   nin^lin   ,.ni.|:,,n   ..p.^ni,,..,   an.l  ;,    ■ 

,l„iil,l,.  ;-nsl,  ...|a.-  w,n,l,,w  1..  wlii,-!,  n„  -„mi,  ,■. iml   was  appl,..,.  i 

„„ll,.,s  „r  ll„.s,.  iw.,  ...•,,nps  l,a,l  a,-,-..-.^  al   all  Imi,.^  m  appn.NiniaP.l.v  .,n.  - 


w 


I'l.urlli  acre  of  alfalla    raiiLiv. 

Results,  Period  of  Growth,  0  to  24  weeks 

llo,!,,  W.nihl.  ("b.cks  of  all  .roups  wen  n.div.dnally  wei-l..';l  al 
tnncof  liatcbiie.  and  at  biweekly  intervals  for  "Jl  weeks.  I  be  we,.,ts 
were  rcconb.din,rams  and  tbe  average  we,.bt  per  100  ducks  converted 
to  nonnds  Km.  1..  A  more  uniform  n.te  of  >.rowtb  was  obtained  m 
Croup.  !)  and  10.  n-and  .a,  ran..-,  tban  m  any  of  tbe  couuned  .na.ps 
reared   in   batterv   bn.o.ba-s.      F..r  tbe   bnu-dui-    perio.l   ot    10   NN<-ks.   tin 


Cod  li( 


() 


77/r    I'oiiisiihdina    Shih    (nil.  m  ^ 


\(f\-\r\d\nvo\    /'.'.'7"  '")( 


I  II 


I    Sliih 


physk'al   drvclopiiuMil,  <jr(.\v 


sa 


tYslactorv  for  all  -roups  cxcci)!  <<n.iii 


11,.    r,-allu"riim\   and    nio-nuMitalion   nwiv  vcit 
1  (iroiip  1    (no  cod  li\cr  oil)   and  (lioui) 


2  (oiu'-tlin'ly-.st'iM)ii(l  | 


1   niM-  crnl   cod   livd'  oil) 


Pounds 


j*o- 


zto 


HC 


itO 


too 


leo 


no 


V\(\.    1.       l•.<>l»^     \Vi 


iicuT  OF  ki-:m.\i.i:s. 


TO  J I  \\■l■:l•:l^ 


^  A\  fi;m 


(■     wi-i 


uht     III     iH.iiii'ls    1 


XT 


)  (Ml    cliicks  ) 


, 


» 


^(,(1      ('(tllsHillj) 


I, nil.       Willi     lllf     c\c('l 


ilion    of    vai-yini:' 


levels 


(»|       (Mill 


liver  oil.  all  -roups  rceeived  the  .same  ml  ion.  xvi 


til   no  siii)plrnH'iil<.     All 


i'eed   eoiisuiiip 


1  i()!i    \v;is   ree()l-( 


the    i»nllels    were   uk 
creased    liiafkf'dly    Ifoin    1 


i\(m1    1()    la\inii'    (piai 


1,.,-s    Ihe    feed    conMl in  1>1  loll    <l 


1-Jlli   1..   llu'   Idth   weeks.      Several    days  ^v. 


liiilhlin    ■!"■>'       I'lhimiii    l>    1,'t  (jiiin  III'  II 


fs    of    r///r/,.s'    iIikI    II 


(  II. 


1,m1  a1   l)i-\veekiv  inP-rvals   (  TaLl."  1  '•     Wlni'     | 

f 


'I'AI',  l.K    !.      I'l:  I  n    <(>NSl  M  I'TION 


Vitdlllili    l>    liif'll-'.       l='l"oni    ass;i\.s   eol 


hided   1)\-   lliree  ^.'paralc   lal)<»ra 


(iries. 


til,,    lorlified    cod    iiv.-i-   oil    iimmI    1  liroiiulioiil    lliis   exp.'riiiiriit    was 
10(1  SPviilioek   nnils   per  ;!r.iiii.      I'sini:'  lli<-  e(Miversinn 


iiillld    1(t    eelila  111 


;mm(>1 


,_ _)  7.   iliis   lot    of    Inrtified   cod    liv.T  oil    was   e(.liipilted    to   eoiilam    1/ 

l'i!V.T"tiali.".nal    Tnits   of    vitainin    D    per   -rani.      The    jivera-e    iMiniher^  of 
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I  ,,,,„,,,    1    u;,-    ,liM(.ntiiin-,l    1,1    Ih-    ,  n-l    -t    H"'    -ixlrnilh    ^^rvk. 

Al  .'inhi  \\r."|:s  ..f  a-T.  >1iidic.s  uciv  made  of  111."  !ii-tolo-ic;il  .siniciiii" 
^,j'\l,,.  h.fi  lihinr  of  lliosc  birds  used  in  llu"  lion,  a.sh  dclcniiinal  ions. 
Tj,,.  I',,,.;.  lw,.|..<  I'fnm  Ci-oiip  1  i  no  cod  liver  oil  i  were  ^liaunosed  as  beiiii:' 
(h'.liidtelv  raeliilie.  One  bone  in  (Jmni)  2  ( oiied  hirl  y-seeond  per  e-id 
ml  liver  oil  !  wa.s  rarliilie.  hvo  showed  sliLdil  raeliilie  lesions,  and  one 
.showed  sliulit  deviations  from  normal.  In  (Iroiip  ;'.  ( one-sixleeni  li  i>er 
'(.,,(, t  J., „1  liver  oil  )  lliree  bones  showed  slio-lil  deviation  from  normal  and 
01,0  l„,ii(.  was  normal.     All   bones  in  the  remaininii-  -roups  were  normal. 

At  l(i  weeks,  hisloloiiieal  bone  stnietiire  .studies  showed  all  i)on<'s  of 
(in.iip  1  (no  eod  liver  oil)  to  be  definitely  raeliilie.  Two  of  the  bones 
ill  Croup  -2  (one-thirty-seeond  per  cent  eod  liver  (h1  )  were  diauno.sed  as 
racliitie  and  two  indieated  a  sli-ht  deviation  from  normal.  In  the  re- 
liKiiniii-  -roups  the  bones  were  normal.  At  this  tiiiu'  (lb  weeks)  (iroup 
1   \v;is  discirded. 

dieii  th.'  pullets  were  iM  w.'eks  of  a-e.  ;dl  bones  which  were  examined 
;'  di;iuiiosed  :is  mu-mal  with  the  exception  of  Croup  '2  (oiie-thirly- 
MM-oii.l  per  cent  eod  liver  oil).  One  boll."  in  this  -roup  was  definitelx- 
racliitic.  two  showed  sli-ht  deviations  from  normal,  and  the  f(.ur11i  bone 
was  normal  accordin-  to  histolouieal  slructure  .studie.s.  Figures  2  and  :'» 
sliow  rcpre.-eiitalive  bone  photo-raplis  from  each  -roup  at  .^  and  lb 
weeks  I'cspectively.  It  was  not  j)(»s.sible  to  obtain  satisfactory  photo- 
•riaphs  of  bone  structure  from  l)irds  2A  weeks  ot   a-e. 

Morhilil'i.  Kor  the  first  1^1  weeks  ..f  this  experiment  the  mortality 
was  not  excessive  in  any  of  the  -roii|»s  except  Croup  1  (no  c(m1  liver  oil  ). 
A  lar-v  part  of  the  iiioi-tality  in  this  -roup  was  caus.'d  by  rickets. 

Summary  of  Results  with  Growing  Chicks 

It   is  evident    from   the   mann.'r   in   which   Croup   1    (no  cod    liver  oil) 
reacted   that    the  l)asal    rations  used   diirin-   the   period   of   -rowth    were 
(h'finitelv  rachito-enie.     The  first   external   symi)toms  of   rickets   in   this 
irroiip  w'ere  observed  Avbeii  the  chicks  were  three  and  one  half  we.'ks  old. 
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and  eoworkt'i-s   (1!):}:^). 

Results  in  Laying  Period— 24  to  76  Weeks 
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tll^avin,  n.ash.     No  ealennn  sunplein.nts  were  !  ed  to  an  v  oM  he  ..oui. 
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V  tnsis  and  n.-orded  as  the  avera-e  f.'e.l  c.onsun.|>ti.ui  per  lOO  pulk 
Ce  "  U       Is  were  added    to  eaeh    .nn.p   durin,   the  hreed.n.  season. 
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!-ll.;;r,.!:ilivoi-oi|    ,^70lii,o|.|ia.ioi.ali,iii,sorvi,ai l.p..,-..:n 

«aM,ii|.-sixlr,.i,tl,  or  0,10  |H-,-o,.|il   or  III,,  total   i-al 

;t      V..,-v  satisra,-lo,-v   n-sults   in   ■.-n.wtb   a,i,l   bono  ,l,-v,-lo|,ii,oiit    w.-n- , 
„|„;,i,„.,l  wl„..i  on,.-,.iublli  ol-on..  ,M.,.,-,.n,  i.r  tins  oil  was  usoil, 

„ivon  aooi.ss  to  i-aii-o  ilui-in-  tlio  noi-inal  .iiriii- 

l,i-»u,li,„'  |H.,.io,l. noaMU-ablo  ,litron.,i,.rs  won.  noto.l  bot  w  oon  Iho  .,-on|, 

,.,.n.ivi,i;  no  vila„,iii  D  sufploiiiont  ami  llio  ono  s,i|m,1io<I  »,i1i  •""■;"^''  '. 
„r  „„..  ,;,.|.  ,.,.nt  or  a  lortilioil  oo,l  liv,  i-  oil  .-JTI,  liil,  ,-nal  lonal  units  -I 
vitiimiii   I)   pel-  Lii-ain  ) . 

,V     Sin..l,.   Comb    Wliil,.    l,.-.l,oi-n    piilb-ls   o in,-,!    witli.ml    ^"•'•'-•;   ''' 

M,iisl,i,„.,^av,.  ,i,isatisra,.|oi-y  o.-  |,n„luolioii  wl„.,i  I,.,  an  a  l-mas  1,  ni  ton 
„|,i,.l,  ,.„nlnin,..l  1l,n.o-sixt,.,.ntl,.  ;(  on,-  p,.,-  r,.,il  or  b-ss  ol  tb,.  t,.ilib.il 
imhI  liver  oil   Used   in  tliis  st  ndy. 

i.     Sin..|,.  Con.l,  Wliilr  i.r.lH.rn  layin.  pnllrls  mufuu.]  xvitlmnt  arr-ss 
sn.isliinr  .,hI   r.Ml  .mmtonrtl.   of  onr   p.T  .-ml    of  a_t<.rtilnMl   >•<>;!   l'^- 


4.     Of  tlu'  two  iironps 


oil  CJTO  Intrr.iatinnal  units  of  vitamin  D  p.".-  -ram  .  Imm  Imu"  nt  liatrl, 
^^av,.  satisfartorv  rrsults  in  tin-  maintmianr.-  of  ImhI.v  wn-l.t.  <•-•  i.ro- 
<lucti(.ii.  si/,,  of  ro-.  .piality  of  r--  -Imll.  and  liatdiahility. 

7.     No   nm;,snral.l."   diir.n-n.M.s   wmv   observed    Imtu.rn    two   .roups   of 
fuwU.l,otl,  of  wliiel.  had  aeeess  P.  free  ranuv.  tlu'  ...m  ted   t  mm  liatrl.nn^ 


(",>m\i;iri'    w 


!l  h    timif'    ""    t  I'oiit     r(t\t  y 


Cod  liver  oil 


10.^ 


TIk     P(  niisiilvdiiKi    .Sl(ir<     ^  '""!'' -^ 


nut     SI  (il  ion 


1    .1      f;...i  v.-ir  of  (-•"•  prodiK'tion  oiio-ci^iitl'  of  one  per  mit 


.,,,;„0   and  tlic  otiici-  IV.l  m<,  cod  Hvor  c.i 

7^  ' 


si/ 

ill 

nil 


s      For    sMti^lac-torv    perlorman,.,.    ol'    Si,,-!.'    Comb    Whit.'    l.^hov,, 

;;;,;' :j;;;:;;;:xi:',.;.r;-^.vo.)(,  in...n,n,ioH„i  unn.  or  v,..,,,,,.  d  ,„.,. 


II, .1  Nv;is  round  1<)  be  lU'cessary 


'1\,    X.    !;.    (iiiriTJitil.    w  Ik 

Mil  ('l|C\'. 
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Idlilv  of  11h'  nsc  (d'  tlie  IMioli 
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;,iu,,un1s  ol"  Icaci  in  spi-ay  irsidu 
(  1  )  ;   and    to    pi-oposc   ccrlain    ni 
liiidi  il   may  he  possii)!*'  1(»  d«'l< 
luc  accuralclv   and   i-apidly. 


\v 


rcsK 


fill  llicsc  r('(|uii-('nHMits. 

The  Apparatus 

The  in.sliniiH'nl   used  in  lliis  ^ 
(IcscrilxMl    l)v    Samuel    and    Sli<» 


arc 


A  .soni'cc  (t 


f   liLilil.   in   lliis  cas 


:V2-:V2  candlcpowcr.  i)<)11i  fdamtM 
Vi-voH  baltcry.  with  a  suilahic 
lilt'  iutcnsilv  of  lilt'  li^lil. 


A    pliolo-clccl  ri 


(•    (•( 


11.    llir    111 


f,, 1111,1    1o   l)t'   lilt'    Wt'slon    lMit>t 
■Id'  wliifli   ina\    lia\f  a  lt»lal 


nit 


A    Xt'ssltT   IuIh'  appn»\iinal( 
iiit'lt'i-.      in  lliis  liiht'  is  i)laff( 


ill  of  111'-"  litilil  f'JX 


liinu-  lilt'  1 


A   skt'lfli   i»f   llif  ft)iii|)lf1f  a 

rcc  ttf  li^lil   11 


1  ivch'  inlt'!is('  st)ii 


wliirli    uia\    lit'   disMpalftl    by 
A    little    1    iiini.   sniallt  r    in    tlia 


rnlilii-;it  idii     ;nit  hoii/' 


,\     Minili 


(^k1  liver  oil 


4 


•      c/./     ('nll<(ii      Aoricltiiral    Kxpivnurnt    Slatm,, 


for  t^v<) 
moved,  t 
polieeuni 
solution 


■      *         i   M   i.>.„n('i-i1iin'  of  approxiinalcly   !>-')     ('.      When    re- 
:""".';;V'  n  1  l      -  tlHl,',u.l,l.v  .s,.rul,l.,.,l  will,  .  n,hlH.,- 


,•         ....nn-sciiliM"-   140  t;nnii,s  of  apples,   as  will  I,,. 

aoscM-ibcl   later     bo  '"""•''".;'   L;'  s„luti.,ns  an-  a.l.lcl   0.2..  frrani  „r 

s,K-rose.  an.    10      K  ol  _^^^^^^^_    ^^^^^^.^    ^,,    ,   „    ,   ,     ,    ,  „„„  ,„  ^^,„,,  -  "  „  '„,,    ,„|,„„,„.i..  Ha.sk  an,! 

tioiis   IS  boiled   uiilO   til         -  ,        ,.|      |.,,,,.  |„„|nin.  tlu'  .sclutuin  a|i-  ,nf>,  «<v  tians  nicd  i"  .     ^„,„,|„„   ,„„,    be   < 

-"-^™:-\:;;:::,;;.;t  :;n:rba:  a''voi;, •  app,-,.u„atei,  lo  „„.  „.,.  ..o,;i  ;  •;i;::  ,,;:;::'';t.''i,::;;n,:,i  ,.„..„  ,;.;,„„„ 

,H.ai-s  elea,   aii.l  ,|islille,l  water  an.l  lormmatu n      i    a  ^^^^^  oieaiue   uii 

Tl,i.ss.,lulH.n  is  -lilule,!  wlien   e„l.l  w  t      .0  u    .  ^        .^  a^lenanu,  h.u,  ■';'''',.,,,.,,,   ,„.„|       Tbe unt    nf 

,,   .,n„w...l   In  enol,   an, I   neul  ra  I  i/.e.l   w,l  h   40   n         i    ^^.^^^^  snl|.I.Hne  aenl  ■'"''"',',    ,.,l L',,,-  resulue: 


ae-aiii    allow.!    I..  .•."".   •"■■■  ;"  T.;,, ,„„,., j,,,,,  jiv.ln.si.l.'.  ■<  -i-ani.s  .>!"  iH.las 

■■• -"'"'''   ^""'    ■■'■■■   "'"  ,,.    ,|„...s..lnnon   ,s  ,.la.-.l   in   llo-Nr.^sl. 

'     Mic    liil)f     1^    pl;icc(l    ii 

(.!■    Ill 


!»\        IIM' 


posiUcn    111    lli-    iii>iniiii'''"  '       ,:,,liii-    is'nl    tlif    niaxiiiHnn    nf  ii,.. 

rl.oostal    so   that    liu'   ''' '-7':''';';  ';,    '  "'rs.hp.nn    nf   .o.l.u.n    sulpliul. 

instruiiu'iit.      Six   drops  ol    «>    1  nMunuMl   tc  llu'  colcriinol.T. 

standanli/alion  curvr  i.s  sliow.i  n,    Im-.  - 


aslu'd  IIh'  coinUiiH'd   wasli- 

and   made  to  vohniK' 

(.   used    for   11h'   d»'- 

;l.      For   tin'    lead 

",•        ".    •     .    1   ...     ..n.l   til.'  (.roainc   uiattci-   is  <li<zvst('d 
a.'t-nnudHn.,  an   alup.ot    .s  Ud.         and      .^  ^^^.    ^^  ^^^^    ^^^.^^^^.,^^    ,,., 

with  sulpl.uru'   a.Hl   '"/     '"^"    '    .'  ■.,,^,  ,,       ,...,  ,.^niin'.s  tM.nlam.n,-   K- 
|.nni..*'st!H'    vniunirt.t    '  i'*-''"!"*'    '''^        ;^    J  ,\un.A   nf   lOD   mi.  -vpr. 
n.n^^nonnflnmlp.'rpnundti,     ,^      ^       -di^^l^i^i^^    ,„„„„.,.-•    nf    ,1m 


/GO 


AO 


UAD  -  G/^AJNS  F£R  POUND  OF  APPLES 


0004 


0.008 


0-0/2 


0.0 16 


■\\  \>W\\.  S'l\M».\inil/.\'linN    <  I  in 

.f   lead   in  .spray   residues. 

,  ,,,   ,nalv/.rd    is  waslu.l    witl,   a   solution      1 

,-,„diiorn'  arid  ;m<i  1 
.,-.s,m1    in    tin'  solnti"!' 


For  the  detennmationnf  lead   m  .pi-ay   n.idnes.  a   7(.l)-,nnn  sa.uph' 

fiMiit    to   iM    , ' .  •  ,        I 

taini,,^'  :i   pel-  e,.nl    bv   volnni,.  ol    ..o,M.,.|itial,..l    I'.-l.-oeblone   a.-al  .i;;;| 


of  a])pl*'s  Ol-  (itlier  fniit    1 
wv*  W   per  et'iit    1)\'    vol 
jH,,   (MMit    of   sndinni  'eliloride.      Ka.di    fruit    is    iniin 


ill! 


i,i,_..    110    -rams 


on!    a^   <i«'-vi 


iini.M'diire  is  e;irrm. 

M,,  tiiwil    rradnm    i^  nl.taitm^l, 

Mandardi/iii'-^-    lli-    inslninmn 


nhctl    Ml    .•!    pier. Mini 


tM  llll  P 


aris.Mi    Willi    llM'   -i-apii 


oldaiimtl    ON' 


iOicali's    ill''    aiiiniint    nl 


1  r  a  (  I     < 


■fCl   \\    . 


■IVinpenitin l.an...s  all^.eM  lu..a,,  pi,,.n,e  ■•-.        is  ,.■... .^^ 

-'^•■'i^^';-j:::..;:;i:':;r;:,.':;is!::::i,i;:r;:':;:^^        .-.'-- 

.r:,i;i:'ain:n':-;s  -ly  b..  nia.le  a,   vanoii.s  , l-.i-atures^ 

'  ■    ,„.,.,.,.„  with   III..  <l..|..nninan.in.   Ilins  bailmti 

S,.ve,.al  -•''-'■';l;  "'7,;;  .J\  '',    ,  niaiy  work,  tin  an.l   uiereun 

„,|.,.,„i,,,us  results.     In  III    .oui.  .       I    ■         .,.,.    .,,.,,   ,.,ieouMt..r..cl 

w,.  ..Ieai..nt.s    wbieb    Hilerl......    '"'f    , '^         "      ;,„ '        ,  ...s  wbieb   are  l.,o 

,,,.,,,,,,   ,,.,.s..nim   lar.e  ana         .a^^ 


ible. 
s    reeoin- 


i.  "vever    usin..    the   pr<.ee,lure   ..ntln.e.l.   anaiNse.s    mm    ... 
ii<rn.      llo\\(\»i.    usm^    >'       I  (•  il.iv  rlcment    ui-esen     is  ne 

aotl.Mi  Hie  av(>ra<'('  total  (piantity  ol   t  his  «  l(  iin  lu   pi  ^  • 

„„,,„,,,,  |,v  S..0I  I    -21   ilir.m  ..spr,.s..nt   in  lb.,  m  an.  nis. 

Tests  of  the  Method 

■n «i., ..'■  ,"■.-;;';,;:";."-: ';;:";:;:,'  :;.j,nM'r;'i';:;:n:.':".::; 


,„  i.xtreaielv  rn„.r.a,.s  wasbuie-  p,.o.....lnr..s  as  >^  ,-  ''"  ,  ^„^„,.^,, 
,„,,„„  .  .„,all  sanipb.  "t  Irnil   ...  b.'  -f',,,  .•,,,,.  ,„„„„.,..„n.,..s 

,„1,„,.  i,.v..sli,-alors  have  sh.-wn  :',;,,".„./  '.„.,.nielv  ..iVa.n.nl  in 
a  wash  solnli.ai  ..onlainine.  by.lr.,.4iloH,  ■  "  '  '^  ;„  (his  eas..  so.liinu 
n.mavintrlberesi.ln...   The  a.bhln.n  ..1  an  ,.|.  ..h.   >     .  "'  Ihis  ,  a 

,.|,l,„.i,l..   (4.  5,,   iner..as..s  lb..  ,.mea.n..y  ..I    Ibe  wa.sli. 
,,,.,,a.,M.,l..s,   ,h..,..,nM,l,.|..n,.s.orth,.reniovaloril. 


'"  '""<■'   '"  ""'   '  ",, ,     .,.   ,,„.  wasbiii"   proe,..lnr..  b.iv  appii' 

'>"'"  'iHsurla. I    ""•/"'''''■   '-J    ,,"  s'h.w    various    ani.a.nis 

M.v..ral   sanipl...s   ..I    apples   "'•'-':  ,,.,,,„,._      |„„,,h.r 


S<tiiie  were  taUfu   ( 


ken   directly    fi-oni   the  W 


to 


spray  resuhies.     ."^onie   ut  .^    .< nreessarv   to  .sprav  some   api)l''s 

,,,„,,  „,,  i.i.her  enne..itratn>ns  i     xsas  -       ssa  >  1;        ^^^       ^„^,^,,, 

,,,H,y  .vith   a   suspension   of     .a      ar.^^^^^^ 
liiiu'-sulnhur   iMixtnre.    m    order   Unit    tin 


Corl  liver  oil 


K.vfii  I'niK  lit    Station 


hW  witli   tliosc  i'oin 


soiiu'timcs  us('( 


i( 


•,,    ^1,,.   oivhanl.      The   otTirl    <.f    <»11i(M-   nia1(M-ials 


1  in  spray  iiiixtmn'.^  o 


no 


t   l)(.(Mi  tested.     The  a|)| 


Ics  used   in   this  test    were  all   ol'  llu"  Slayiii 


yarn 


tv,  whicli  has  been  s 


h„wn  bv   llod-kiss  (7)   to  n'tam  spray  i-csi.lu,.,s 


more 


1(Miaciously  than  sonic  o 


llicr  varu'tu's. 


The  apples  were  wei 


1j,,1  and  wa.shed  as  described  abovr.     After  wasl 


in< 


the   pcelin-'s   were   reinoviu 


1   and    the  .stem   an( 


'Plu-  |)("('lin^s  anc 


1  |i,,>  (M.ne-shaped  end  ents  t 


hen  wci'e  < 


■,n-\^ 


1   an<l  snlplinnc  ai 
Tai)!.'    1. 


id  and   ana 


Iv/cd   for   lead,      'rhc   r 


1    ('al\x    end.s  cut   out. 

li;i('stt'd  with  nitric 

t'snltv  arc  shdwu 


I'Ai'i.i:  1 


!,i-i- i<ii:n<'^    <» 


w 


\S11     SOll'lK'N     <'<»N1'  \'M^<;     ""< 


VI Al   t   I'N  I     ^" 


1,1  I'M  ciii.nKiiM:  r.v  ^^ 


i:i( 


ii'i'  AM>    I'liKi:!:  I'll; 


(■i:ni-  iivi>k«>« 


IlinlMC   .\'ll>   l'»^    VrU.lMI 


!  ,  (III  rrDiij'niiiuf 


Li  11(1   ill 


(IsJl  illlj: 


(III  II  i>i 


/(   siirhii 


>iiinii> 


h  X<>. 


f/riiiiix  pi'i'  ii<>iiii<_ 
0.010 

<i.oi:! 

0.04L* 
0.071 

0.1  or. 


///■(/ i  11-^  III  I'  ii'iii 
o.oitl 

0.001 
0.001 
none 
none 

().(xn 


II 'I 


The  aecuraey  o 


f  ilic  dctcrmina 


li(.i\  of  lead  was  as( 


'rtaincd  in  two  wav' 


first,  bv  a  .scries  ( 


r   recovery   tests  on  .so 


l,,ti,,ns  of  api)le  waslnn-s.  usiiiu 


known  aiii<»un 


Is  of  lead  ;  and  sccoii 


b  bv  a  direct   coini)arisoii   oi 


su 


lis   obtained    by    the    propose. 


I    niethod    with    results    secure 


^     'e 


method    ])roi)ose 
February  15,  1!):):*) 


j    ,,v    ilu.    Food    and    Dm-    AdniiniM  rat  n.ii 


S).    (I 


1 


u    COlK 


luctinu'  the  recovery 


btaii 


l)v  washin--  apples  l)y  the  met 


Irsts    a   lar-v   voluiiu'  of  solution  o 

,„„l  ,,,.,,.  described   was  ihorou-hly  mix- 


llK 


1   llie   lead  (hMeriiiiiH 


1   i,\-  analysis,  iisiii! 


ll,c   inetliod    iiere    pro] 


OSt'il 


Is  ..r    lead    as    lead    acetate    wei 


Dclinite   aitionn 

poi-lions  of  the  ori'^ina 
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Summary 

\  i-ipid  iucIIkhI  I'or  \ho  dvivnuhmUon  of  lead  in  .spray  ivsidiu's  , 
•inplcs  is  pmsented.  based  on  the  nsc  ol*  Uw  IMiotronic  (•('!!.  rndcr  11,, 
l.ondition.s  in  llic  l.'sis  hwv  reported,  tin"  nielhod  lias  an  accnracy  of 
OOOl  <»rain  ol*  lead  \)vr  pound  of  apples,  and  allows  lead  del ennnuil ions 
to  l)e  niade  with  -rcat  rapidity.  It  is  .suo-v.sted  that  it  may  l)e  useful 
n.s  a   field  method. 
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Effect  of  Concentrations  of  Nicotine  on 
Growth  and  Development 

II    (IKOWIH  AND  DKVKI.OPMKNT  OF  CHICKS  AS  IXFl.lJ- 

1  \ci  1)  in   iiir.  ADDiriox  oi-'  ckound 

!01',ACt()    TO    rill'    RATION* 

1^  I-:.  Ill  Nlli;.  I).  K.  llAl.l  V,  AM)  II.  ('.  Knandki. 

II:,    /',  (iirv/,  iiiM  Shilr  CuiLil:.  Sluli    Cui'/cni' 

(Ktnu'-il    fnr    riitilH.-itiun    July     10.    l''t.l) 

O  UXTFR  and  Haley  riQ.^O)  called  at-  KXP.  F-  ARTIFICIAL  INFESTATION 

H   tention  to  the  fact  that  a  relatively  For  this  experiment   200  day-old  Single 

high  decree  of  tolerance  was  manifested  by  Comb   White   Feghorns  were  divided  into 

young  chicks   when  their  ration  was  sup-  five  groups,  and  placed  in  battery  brooders 

plemented  with  varying  quantities  of  ground  having  wire  mesh  tF)ors.  (Iroup  A-1  received 

tobacco    Nicotiana  rustica,  a  strain  which  no  tobacco.  The  other  groups  received  vary- 

pos^essed  a  nicotine  content  equal  to  5  per-  ing  quantities,  as  recorded  in  Table  1.  The 

cent  of  its  dry  weight.  The  results  showed  chicks  received  their  ration  as  all  mash  and 

that  there  was  no  apparent  depression  of  it  was  supplied  ad  libitum.  One-half  of  the 

the  growth  weight  where  chicks  were  fed  entire  dosage  of  tobacco  was  given  the  lirst 

the.e  rations  for  a  considerable  period  of  week,  at  the  end  of  which  the>'  received  the 

full  amount  and  so  continued  throughout 

It  was  decided  to  continue  these  investiga-      the  feedmg  period. 

,     .  iUc  roiatUr^  pffprt^  I^'ive  weeks  after  the  birds  were  placed  on 

tions  in  order  to  compare  the  relative  etlects  u  ir     r         u 

.,     ,  ,.  1        ,1         •     .•        f.o;«.  ,.f  tn  their   respective   rations,   one-half  of  each 

of  both  high  and  low  nicotine  strains  of  to-  .       .    ,     -.u      .t  •  n    •     „Kof^ri 

^          ,              11.-         ft..  uroup  was  treated  with  artificially  incubated 

harco    and  to  observe  the  relation  ot   to-  <^       i                                                -'          ^ 

Dacco,  ana  lo  oo.ciNe  eggs  of  roundworms.  These  eggs  were  intro- 

bacco  feeding  to  the  control  of  worm  in-  ^^^^    .^^^    ^^^    ^.^^^^^^^   ^^^   ^^^^^   ^^    ^ 

festation  of  the  intestinal  tract  of  the  ex-  ^^^^^^^^^  ^^^^  ^^^^  ^^^^  than '5,000  eggs  per 
perimental  birds,  especially  as  it  ai)plied  to  ^^.^^^  ^^^^^  remainder  were  treated  in  like 
the  control  of  large  roundworms  {Asiandia      ^^^^^^^^^  ^^  ^^^^  ^^^^  ^^^  ^^^  ^.^^^  ^^,^^^ 

''"^"^^O-  \t  the  end  of  the  exi>eriment  the  intes- 

In  all  cases  the  same  basal   ration  was      ^.^^^^    ^^^    ^||    ^^^    chicks    were    examined. 

used, namely:  Roundworms  were  apparent  in  a  number  of 

V  „                    ,  in  ih,  individuals  (Table  1 ).  Throughout  this  ex- 

\elio\v  corn   meal    ♦0  "^^-                                                                 •   i      i  i  •            ui 

Wheat  bran  1^  ^^^  periment  the  birds  were  weighed  bimonthly. 

Flour  wheat  midrUinus  \>  H)^-  The  weights  are  given  in  Figure  1. 

Alfalfa  meal 10  lbs.          The  data  in  Table  1  indicate  that  ground 

Ground  oats  10  lbs.  tobacco.  Mcotiiuiii  rusttca,  with  a  nicotine 

Dried  skimmilk 10  lbs.  ^^.^tent  of  5  percent,  acts  as  a  definite  con- 
White  fish  meal >  lbs.  . . 

Meat  scrap  S>7<    ^  If''^-            *  Publication  authorized  by  the  Director  of  the 

Salt  (NaCl)   1   lbs.  Pennsylvania     AL'ricultural      Kxperiment     Station, 

Cod  liver  oil   1   lbs.  Mav  U^  I'^.v^,  as  Technical  Paper  No.  592  . 

[Oil 


Fio.  1.  (top)  — Rate  of  growth  as  influenced  by  supplementary  feed- 
ing of  Nicotiuna  rustica  (weighted  averages  of  both  sexes). 

Fu;.  2 (center) --Rate    of    growth   as   intluenced    by    high   and    low 
nicotine  strains  of  tobacco   (weighted  averages  of  both  sexes). 

Fic.  .^.  Rate  of  growth  of  chicks  grown  on  infested  ground  as  in- 
lluinced  by  the  supplementary  feethng  of  Mcotiana  rustica  (weighted 
avcraue'i  of  both  sexes). 
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Taihf  1.     Feed  consumption,  mortality,  and  percentage  of  roundworm  infestation  of  chicks  with  and  without 

ground  tobacco  as  a  supplement  {13-week  period) 


(iroup 


\  1 
A-5 


Concentration  of 

Nicotiana  rustica 
in  ration 


percent 
()() 

0  2 
0.  \ 
0  s 
1.2 


Infestation 

with 
roundworms 


percent 
71.0 
5.3 
0.0 
0.0 
O.U 


Mortality 


percent 
5.0 
0.0 
2.5 
0.0 
0.0 


Average  weight 

of  feed  consumed 

per  bird 


grams 
3220 
3243 
3265 
3168 
3209 


trol  for  large  roundwonn.-  in  the  in!e>tiiial 
trad.  The  data  in  I'i.^iirc  1  indie  att-  a  slow 
rate  of  growth  in  Croup  A-1,  which  may  be 
attributed  to  the  result  of  i^arasitic  infe.sta- 
♦  ^^K.    nitbruKrb    in  tVip  TTunoritx^  of  THses.  the 
infested  birds  showed  not  more  than  three 
roundworms  per  bird  in  the  intestinal  tract. 
In  order  to  study  the  relative  effect  of  a 
high-nicotine  strain  of  tobacco  as  compared 
to  a  low-nicotine  strain,  ground  cigar-leaf 
tobacco,  with  a  nicotine  content  ecjual  to 
0.86  percent  of  its  dry  weight,  was  com- 
pared with  Nicotiana  rustica  with  a  5  per- 
cent nicotine  content.  Quantities  of  each  to- 
bacco were  taken  in  order  that  each  ration 
carried  the  same  concentration  of  nicotine. 
For  this  trial,  nine  groups  each,  consisting 
of  25  day-old  Single  Comb  White  Leghorn 
chicks,  were  used.  The  same  practice^  were 
followed  as  in  the  previous  trials,  the  birds 
being    kept    free    of    roundworm    infesta- 


tion l)v  (onlining  them  to  wire  floors.  Data 
a-  to  the  (jtiantiiy  of  tobacco  fed  and  the 
\vii([  consumed  are  given  in  Table  2,  while 
the  data  relative  to  growth  are  given  in 
Figure  2. 

The  data  in  Table  2  indicate  that  the 
mash  proved  unsatisfactory  to  the  birds  in 
(iroups  H-8  and  B-9.  Their  mortality  was 
high.  Those  in  Group  9  exhibited  a  diarrheal 
condition  not  apparent  in  the  other  groups. 
JMgure  2  shows  that  the  birds  receiving  low- 
nicotine  tobacco  did  not  compare  favorably 
in  growth  with  tho.se  receiving  the  high- 
nicotine  tobacco,  when  the  same  nicotine 
levels  were  maintained. 

KXP.  II.     NORMAL  INFESTATION 

It  was  decided  to  raise  chicks  on  ground 
known  to  be  infested  with  roundworms  and 
\i-(^{\  them  Xicotiana  rustica  as  a  supplement 
to  the  ration,  in  order  to  effect  a  measure 


Table  2— Feed  consumption,  mortality  and  percentage  of  both  hiKh-  and  Unv  nicotine  strains  of  tobacco  in 

I  If  ration  (Kb-urek  period) 


( iroup 


Concentration  of  ground  tol)arr() 
in  ihf  r.ition 


H-1 

n-2 

B-3 
H-4 
H-5 
H-6 
H-7 
b-8 
H-9 


High  nicotine 


|)ercent 
0.0 
0.2 
0.4 
0.8 
1.2 


.OvV  ni( otme 
|)(.Titnt 


l.U) 
2 .  .^.^ 
4 .  65 
6 .  '>8 


.\verage  weight 

of  feed  consumed 

per   bird 


grams 
2186 
2252 
2373 
2283 
2314 
2378 
2401 
1029 
155<> 


!i 


i  ^ 
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Poultry    Science 

infestation  of  chicks  gro^cn  on  infested  ground 


Oroup 


Infestation  with 

^^^^Tinieata    \    Iletrrakis  gallinae 


( -1 
C-2 

*  'ITic  h'u 


percent 
14.0 
1.0 


percent 
61.0 
5().0 


Mortality 


Average  amount 

of  feed  consumed 

[)er  bird 


percent 

25.8* 
20.8* 


grams 
5,^80 
51<)0 


.1,  mnrtalitvexi.erience<l  in  llu.  ^tudv  w;.^ 


,„  ilu'  iiiu.l  p.irt  .u.uU  nl;il.  l^r'ni-  .  ;him-<I  I.v  llu 


»U>l'S. 


,,t    n.nirol.    lUvau^r    ..t    th.   limitalinn^   o! 
nhv^ical   equipment,    it    wa>    i.nix.^^ible    In 
carrv  throu-h  a  series  of  group  experiments. 
Hence  it  was  decided  to  use  a  control  -roup, 
and  to  administer  to  anoiliei  group   (C    2) 
a  ration  containing  0.4  percent  of  ^'lCotlana 
riistka.  Each   group  contained    120  birds. 
They  were  kept  in  battery  brooders  tor  tour 
weeks    and    afterward    placed    in    colony 
houses  for  seven  weeks.  Finally  they  were 
transferred  to  the  infested  ground  for  seven 
week^   l^he  infestation,  as  shown  in  Table 
3   wa^  not  high,  even  in  the  control  group, 
p'robablv  because  the  soil  was  not  heavily 
infected.  However,  this  may  have  been  due 
to  the   fact  that  they  were  quite  mature 
when  placed  on   the  infested  ground.  Ac- 
cording to  Ackert   (19.^0)   the  chances  ot 
producing  artificial  infestations  of  Ascaridia 
Uncata  in  birds  is  slight  after  the  birds  have 
reached  the  age  of  10-12  weeks. 

Table  3  shows  the  feed  consumption  and 
percentage  of  worm  infestation,  while  Figure 
.3  shows  the  data  on  growth. 

(^OXCLrSIONS 
These   investigations  have  substantiated 
the   findings  of   previous  studies  that   the 


I'tH'diivj:  of  ground  .X'k  ntidiin  ni^tud,  a  strain 
,,,  i,,|)acc.)  po.-e-ing  a  nicotine  content 
equal  to  5  percent  of  its  dry  weight,  at  levels 
up  to  1.2  percent  of  the  ration  does  not  in- 
terrui)t  the  growth  of  chicks.  On  the  other 
hand!  the  feeding  of  ground  cigar-leaf  to- 
bacco with  a  nicotine  content  of  0.86  per- 
cent at  levels  of  4.65  percent  or  above  re- 
larded  the  growth  of  chicks  and  caused  an 
increase  in  mortality. 

The  use  of  0.4  percent  of  Nkotiam 
rustka  was  effective  in  the  control  of  an 
artitlcial  infestation  of  roundworms  and  ap- 
peared nearly,  if  not  equally,  effective  in  the 
control  of  a  natural  infestation.  This  level 
„t  Skotuina  rustka  was  not  effective  in  the 
control  of  natural  infestation  of  cecal  worms 
(Ih'tfrakis  gallinae). 
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on  the  .-ir.nvth  and  <level..p.nent   of  fowls    Poul. 
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T„,:    ForNDA.ioxs  UK   XrrKiTK.x.      Mary  S.^arlz   /^..vr     1  h.D 
Professor  of   Nutntum.   Teachers'    ColUgc,    Lobnn  na    I  n.v.  r^ 
;y      The    Macmillan    Co.    N.w    V<>rk    City,    l''^--^  >--'-' 
Edition.     X,  4-  OHO  pp.      lOllMgs.      i:;X20cm.     N>.00. 

'p.e  author  slatrs  that  the  -book  is  written  for  those  who 
wish' to  live  more  intelligently.  An  effort  has  been  mane  ,o 
n  esent  within  a  small  space  some  of  the  fnndamental  pnnctples 
of  human  nutrition  in  terms  which  call  for  no  Inghly  speaah/ed 
trahZg  In  those  natural  sciences  upon  which  the  sc.e.ice  of  nntn- 

''"ThafDr    Rose  has  been  successful   in  presenting  the  funda 
mer'als  of  human  nutrition  in  an  interestn.g  and  effective  manner 
,^  p  obably  best  indicated  by  the  fact  that  houndat.ons  of  Nntr^ 
t^dn  ha'  undergone  many  reprintmgs  atul  one  complete  rev.s.on 
siiici.-  il  was  lirsl  published  ill  U»2.. 

sailu  g'-nera.  p.a„  .ha,  characK-ri,..!  ,hc  '-1  ;;';;;™;..  ^j  .^^  ■; 

narison  of  the  lirsl  and  se-oiid  cdilioiis  slic.ws  lliut  Ih     '-  '="■'1  '^^ 

f  ,1    fo  incr  have-  Ik-ch  .xpandcl  ...  -'.•.  chapl.rs  ,n  .h.    hu.rr, 

'  h      lia      K-ei,  d..iic  hy  .he  inclusi.n,  of  oiuslamling  n  searclus 

p„l,lish«l  since   ,he  appearance  "'  ;•■^'■-^  >'''''";^.  ,,^,  : , ^ 

■hap.ers  arc  now  dcvo.i'd  .o  each  of  .he  vnainnis,      1  he  app.  ml  >-. 

which  consis,s  of  nine  .ahles  and  one  char.,  has  heel,  reviseil  and 

"'Krmn  Ihe  s.aiidpo,,,,.  ..t  hiinlinK.  general  appearance    sixe  of 
pa,      ",ah,v  of  illus.niuons  and  upo.raphy.  liie  -c-   -I''-'' 
,„,.ears  ,o  he  a  diMine.  iniprovemeiil  over  ,he  hr-l  e.h,  on, 

-nie  reviewer  feels  iha.  the  lM,.,k  is  nnicpie  ni  .ha,  ,.  discusses 
,he  fundanien.al  prnicipfes  of  hnniaii  ••''---;"'";!';.  tine"  in'c 
l.„,  an.hori.a.ive  an.l  scien.ihc  manner  ""''  '  ,/''™,;j  ,^, 
answers  inosl  of  the  imporlan,  pracical  qncsn.ms  re  k- rd  iK 
Ok    apphcalion   of   ihese   principles   ,o  food   seleCmii   and   dul 

-^■^rsnew,e..w,,lnn,h,,.,,.e,nvc,..n,m^ 

:;;rn.::vro:> ""  ;;^::nu:rh ,::;:: .,.- : -.  ^c .cs 

V.n:  r.  NNSV.AANiA  Stav.    Co.....  r.,:  R.  Ad.\MS  UlTCIIl-R 

Statk  Coi.LiiOi;,  Pa. 
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Effect  of  Type  of  Carbohydrate  on  Vitamins  B  and  G  Potency 

of  Fecea  Voided  by  Rats.* 

N.  JJ.  GUERRAXT  and  R.  ADAMS  DUTCIIER. 

From  the  Department  of  Afjrieultuml  and  liiologieal  Chemistry,  The  Pennsylvania 

State  College. 

In  a  previous  |)iil)lication    from   this  Ial)oratory'    the   danp^er   of 
copropha^^y.  as  it  affects  the  assay  of  vitamins  B  and  G,  was  dis- 
cussed.    Similar  ()l)Scrvations  had  ])een  re])orted  hy  Roscoe."     More 
recentlv  Booher  and   Kaneko''  have  submitted  data  which  led  them 
to  conclude  that  their  assays  for  vitamin  B,   (B,)   were  not  vitiated 
by  coprophai^^y.     The  last  mentioned   investi.i,^ators  used   raw   corn 
starch  as  the  source  of  carbohydrate.      Since  Roscoe  had  reported 
that  she  was  unable  to  obtain  characteristic  c^rowth  responses  from 
coprophaj^mus  rats  when   raw   corn  starch  served  as  the  source  of 
carbohydrate,  it  seemed  hi.^hly  ])r()bable  that  the  type  of  carbohy- 
drate mi.<,dit  be  an  important  factor  worthy  of  further  study.     This 
possibility  has  l)een   further  suij:,i,^ested  by  data  obtained  in  this  lab- 
oratory durin<,^  a  somewhat   related   investic^ation   in  which   it  was 
found  that  the  (piantity  of  vitamins  B>  and  G  required  to  produce  a 
unit  increment  of  i^^rowth   was  considerably   i^reater  wdien   sucrose 
was  fed  as  the  source  of  carbohydrate  than  it  was  when  dextrinized 
corn  starch  was  used. 

The  experiments  here  described  were  initiated  to  determine  the 
extent  to  which  54;rnwth  responses  in  copropha^^ous  rats  could  Ix? 
affected  by  substitutini;  carbohydrates  of  various  types  in  the  usual 

M'ublication    authorized    by    the    Dircrtor    of    the    Pennsylvania    Agricultural 
Experiment  Station  February  121,  19;U,  as  Teehnical   I'ai)er  No.  C)'M . 

iGuerrant,  N.  B.,  and   Dutcher,  R.  Adams,  ,/.  Biol.  Chem.,  19312,  98,  225. 

2  Roscoe,  M.  II.,  nioehem.  J.,  VX\\,  35,  20rA\. 

3  Booher,  L.  E.,  and  Kaneko,  T.,  Paoc.  Soc.  Exp.  Biol,  and  Med.,  1932,  30,  69. 


Relation  of  Carbohydrates  to  CorROPHACY 

basal  ration  deficient  in  vitannns  P-  and  G.  Among  the  carhohy- 
Ses  under  investigation  at  present  are :  corn  starch,  dextrni.zed 
CO  t  "  h.  gUKOse.  sucrose,  and  lactone.  NVhile  the  results  to  date 
ar  insufficiem  for  a  con,|.lete  statenK-nt,  the  d.ftercnces  ol, tamed 
'  th  -liet.  c.Uaining  sucrose  :>nd  Carres,. .ndu,g  <h.i^  co„ta,n,n, 
l^x.rinixc-d  corn  ^tarcl,  are  snllK-icntly  n,arked  .u  ju-tnv  a  ,,rd,n,- 

in-irv  note  at   this  time.  _ 

-;;  ,„,crinK.n.:,l  ..chninu.  ..n„l  ved  wa-  snndav  „.  .bat  re- 
ported elsewhere.-  d1>e  feces  v.ide.l  were  rc-UHwed  ,r,,n,  the  ca,c- 
nans  daily  placed  in  a  separate  fee<l  container  a.t<l  retttrned  to  d,e 
ea"e  of  he  animal  which'voided  them  or  ,o  that  o  another  est,- 
nated  animal. 


I  he  f]^r()\vth   iccorcr 


V  <  1       II        »  <-  >  > 


tA-niral   animals  are 


o'iven  in  Chart  1.  ,    •   •        r  i. 

Animal  8904,  weight  40  gm.,  received  the  sucrose-conta.nmg  d,et 
(3S3)  unsupplemented.  This  animal  made  aln^ut  the  same  increase 
„  weight  during  the  first  week  of  the  exp.r unent  t  a  .s  „.,a^^. 
observed  when  young  animals  receive  th,s  <het.  Dur  ng  the  re 
mainder  of  the  experimental  period,  there  was  a  consistent  lost 
weight.  The  animal  manifeste.l  its  first  paralytic  symptoms  on  the 
26th  (lav  and  died  on  the  31st  day.  ,  •  •  „ 

Animal  8894,  weight  43  gm.,  also  received  the  sucrose-con  ami 
diet  unsupplemented.    The  increase  in  l>ody  weight  .luring  t      fit. 
week   (8  gm.)   was  somewhat  greater  than  that  usually  obtained 
while  usinl,  this  diet.     During  the  following  2  weeks  t -re  was  a 
gradual  loss  in  weight.    Beginning  <m  the  22nd  day.  the  tees  ot   h 
tnimal  were  collected  daily,  placed  in  a  separate  tood-conta.ner  an 
returned  to  the  cage.     These   feces  were  consumed   ^\»f^^ 
during  the  first  few  days,  after  which  the  amma   refused  to  inges 
appreciable  amounts.    In  the  meantime  the  ammal  continued  to  lo. 
weight  and  manifeste.l  slight  paralytic  symptoms.     Starting  on  the 
52nd  day  and  continuing  through  the  66th  <lay,  this  anitnal  wa. 
given  one-half  of  the  feces  voided  daily  by  its  litter  mate  (animal 
No   8893),  which  at  this  time  was  receiving  a  dextrin-contamm, 
diet  (349)    Animal  8894  consumed  these  feces  very  greedily.     Jtir- 
ing  this  14-day  period,  the  paralytic  symptoms  disappeared  and  the 
animal  increased  12  gm.  in  weight.     On  the  66th  day  feces    eedm 
was  discontinued  and  the  animal  lost  weight  gradually  an<l  died 

the  81st  day.  _        .  .   .       ,■  , 

Animal  8902,  weight  40  gm.,  receive.l  the  dextrin-contammg  d.e 
unsupplemented  throughout  the  exjierimental  period.     13unng  the 
first  4  weeks  its  deportment  was  (|uite  comparable  to  that  which  i^ 
usually  obtained  on  this  diet.     There  were  some  indications,  how- 


I 


I 


I 


Relation  of  Carbohydrates  to  Coproppiagy 

ever,  that  durin<(  the  last  4  weeks  this  animal  was  practicinj^  a  slighi 
degree  of  copropha^y.  This  condition  seems  to  ]ye  extremely  diffi- 
ciilt  to  avoid  when  the  diet  contains  a  relatively  hi^di  percenta^^e  of 
dextrinized  corn  starch,  es])ecially  when  the  experimental  animal 
has  heen  ovcr-dci)lctcMl  ol  its  vitamin  P.  -tores.  11ii<  animal  was 
removed  iroiii  the-  fv])(rinicm  at  tlic  en:!  ot  tlic  ci-hth  week. 

Animal  SS*M   (litter  mate  o!   SS'M  ),   wei;jin    K)  -m.,   recvived  ihe 
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Showing  typical   growth   r«'H})onse8 
com 

animals  receiving  tlie  resj    -.- 
i"espect  to  the  tyi>e  of  carb(»hy(lrate  used 


Chart  I. 

nde   by   young   rats   when   fed   vitamin   B- 


Showing   typical   growth   responses  ma<le    m   young    raiH   nmk-..    ....    vit.......  ^ 

plex  deficient   diets,   unsupplemented    and    sui.i)lrmented    with    feces   voided   t)y 
nals  receiving  the  respective  diets.     The  2  diets  differed  in  composition  only  m 
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Relation-  of  Cakhotiyduates  to  Coprophaov 
.  •   •    .  ,liPt    (V-,i)     unsiipplcmeiited.   durins;    the    first 

1     i         4l,..     ,-iM<.     (I'll    V  MOllI     tlK      _1M      M'     i"^ 

,-,,„nu'.l    lo  t.u    ca..c    <.u.^.    ^^^       ^  ^^^    ^^^^^    ,.^^^   ^,,^^,    ^,^^.   ,,.^,,   ^^.^^^ 

till 


I       llCVCM  -( '•  '     .1—     .,'1,..  •      I'l'    I  1  I      ^,  .      ,  1     •  -1 


f'"-  -  ^"•^•'^^'  ""'>■  ""•;''''''•"  ,-,■,,,,  ,,c..  iK..;,,..-  fed  to  animal 
rcturne.1  to  the  ca,c.  the  -^  -  '  ;  :^,.V  ,„;„.,,  t.,  increase 
8894  ,Un-,n,  th,.  per,;«l.     1  h-  •;-'";;' J,^.,^,,^,.!,  ,.„^„  ^j,.,,,,  ,,iet  sup- 

i  -e„;n  so  ^•"'^  ;;;;\.;;;;''  7.,;;;,,,;7/;th  ,iav  the  .net  .as  changed 

!'::r;o:     r     3         1  t       fee^Iin.  o,-  an   feces  was  co„tin«e<l  fron, 
St.bte      l.-.ii:-n  .lays  late,-,  the  ani.al  was  Te.nove.l   Uon,  the 
pxnerinient  after  it  had  lost  1^)  ,^m.  ni  wei-ht. 
^^'\™al  8905  (litter  ..ate  ot  8902  and  8904),  ^^^ ^  ^ 

ceived  <liet  349  thro„,hout  the  /^^ -;;;;;^f '^^...f  .tn,      to  tic 

<;(>mn(l  (lav  of  the  experinient,  all  ot  the  teees  were  lei 
^e     a  M  hrst  there  was  .on.e  hesitaney  on  the  i^art  ot  the 

^I  .:lt  con.un.e  the  entire  snpply  of  feces  but  th.s  lac     o^app. 
tite  had  eonipletelv  disappeared  by  the  iiiteenth   day.      Ihe  annm 
lie  a  total  Uin  of  S6  ,n.  dnrin,  the  S  weeks'  ohservaUon,  ana  at 
the  end  of  this  time  appeared  to  be  normal  m  all  respects. 

Suwmarv.     Data  are  presented  wddch  indicate  that  the  type  ot 
caH>ohvdrate  nsed  in  vitannn  B  and  G  <leficie..t  diets  .s  an  .miK>m. 
factor  in  determining  whether  or  not  c.M^ropha.c.^^  wi  1    v  t  ate  re.ul^ 
when  accurate  assays  of  vitanuns  P>  and  G  are  des.red.        opropha^ 
appears  to  be  of  little  consecpience  when  sucrose  is  used  as  the  s. 
source   of   carbohvdrate,   while   .lextrinized   corn    starch   offers    he 
possibility  of  introducin,^^  serions  errors  and  incorrect  conclusion. 
if  rats  resort  to  coproi)ha.i^y  when  this  carbohydrate  is  used.  ^ 

Experiments  are  now  in  pro-ress  in  which  an  attempt  is  Dem. 
nrade  to  bud  an  explanation  for  the  results  described  and  the  stiuU 
i<  j.oin"-  extended  to  include  oth.er  types  ol   carbohydrate^. 
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KMKKors  UK 


thods  I'oi-  the  (Ictcniiination  nf  iii'i*'  ;icii 


1  ill  hmnan  blood  have 


h.M'U  (irvcloiHMJ.  thr  chief  motive  bcin-  1o  incorporate  the  hi-her  (h->'ee  (.1 

■thods  with  th<-  <ii-eater  siiii|)lieit y  and  ease  of  manip- 


aceui'aey  of  tlie  isolat  ion  iik 
lation    of    the   dii-ect    methods.      Whih'    scvcra 


u 


I    (,f    these    methods    liave    <iiveM 


satislaetorv    i-csnlts   on    hinnan 


h 


l)h.(id.    few    of    them    have    heen    applied    to    the 
blo„d  of  other  animals.     Since  in  this   lahoratory   we  have  heen  especially   inter- 

■hicken  )    bloods,   the    pi-esent    study 
;t    satisfactoi-\-    metliod    for   tlu'   determina- 


cstcd    in    the  aiial\sis  o 


f   I 


(ovine  and   avian    ( < 


;is   undertaken    to   ascertain    the    uios 


tidu  of  ui'ic  acid  in  these  bloods. 


i)is(  r 


:|ON    Ol"    DAl'A 


In   Table    I    data   are   preseii 


)ovme.   and    avian 


bl 


(K»(ls.    nsm':' 


ted   t(»  show   the   results  of  analyses  of   human, 
the    Kolin-Wu    laked    blood    filtrate"    ami    Hie 

lified 


Koliu  unlaked  blond  liltrate.'-'     The  methods  of  Kolin-  '     .d'  Kolin  as  uhm 
hv  liulmer.   Ka-les  and   Hunter.^  of  lienedict.'  and  (d'  lirowir   wen 


ffich  (){'  t  hese  tilt  rates,  eat 


h   method  bein;:'  ai)p 


used   with 
lied   to  the  tiltrat<'  directly  and 


to  the   ui"ic   aci< 


1    isolated    as    the    silver   salt    fr(»m    eai 


h    filtrate.      Thus   tw«dve 


methods  wei'c  use( 


1  with  ea(di  sample  of  blo<)d. 


The  data    in   Table    I    show   that    m   most    cases   the   isn 


th 


ilation   methods   ^iv*' 


lf>w<'r  i-esults  than  the  dii-ect    im 


thods.     This   fact    is  more  evident    in   the  case 


of  Iak<Ml  than  in  t  he  case  o 
cially  pronounced  in  the  case  o 


f  unlaked  blood   filtrates,  the  differf  nee  l)ein--  esp« 


f  lak<Ml  fillrat<'s  from  bovine  blood.     Direct  ami 


Kroin   th'     I  >.p.irtiM<rit    -if    Aui  irult  ni  .1 
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All  isolation  pi'occdui'cs  <jivc  i-csiilts  wliicli  a<:r(M'  Tairl 
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irn'cct    and    isolation    pi-occdni-cs   on    hovint 


l)lood,    the    \vo!"k    of    licncdict    ami 


his  cowoi'kcrs 


'.I.  Ill,  I 


I, ,,,,1,1  I),,  mentioned.     They  hav<'  isolated   from  tlic  .'ryth 


roi'V 


Ics  of  bovine  blood  a  conibiiHMl  I'oi-in  of  nric  acK 


1  which  is  not   j)re('ii)itat(Ml 


bv  silvei-  lua^iiesia  mix 


tnrc.     The  low  valnes  obtained  with  the  isolation  uu 


■thod 


an( 


1  with  the  direct    met  hods  on  nn 


■  xplaimMl    on    this   bnsis,   sii 
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laked  filtrates  t'l-oni   bovine  blood   mijiht   be 

1    would    not    be    precipit  at  e*! 


inbined    uric   acn 


iV    the    sll\-er 


i;i,.tatc    in    the    isclalioii    prn.-cduiv    and.    bcin-    m    the    corpusi 


cs. 


W  ul 


lid    iidl    1m'   piTM'til    111    iinlaUi't 


!  I  |(  II  II  I      I  I 


1  r;it 


>  II  hill' r 


P'.aL^h'^.  and    I  1  iiii!«t      "    asrr 


i  I  )!  ■( 


Ih 


f      I       1S( 


IT  I  )a  Mc\    I  '<■)  w  ''('11 


hr    (  i  Ifi'C 


ml    i^< 


t  n  m    iiit'1  Ik  M  Is 


;i     siihslani'c 


\  ■■     w  hi  ell     til 


r\       jsd 


latcil     rmui    aniiiia 


hliii  »i 


s      II !  ( '  i  1 1  ( I  i  n  'J 


)( i\  1 1 ii '    1 1 1<  II 


;i  111  I      which      !  !li'\      c 


1 1  'I 


a     s  1 1 1 1 1 1 1 1 ' 


i\  run  id  itif 


lllK'IcoSK  |c 


\\  IS   colli  pound    1 


s    nrcci  iiil  al  c( 


ated   b\'   acid    sodium    chloride,    so    thai    it    wo 
l)roce(lui'<' 


,\    siKcr    lactate    but    is   not    liber 
iild    not    appear    in    the    isolation 


Almost   simiiltai nsly.   f.eiiedicl   and   his  coworkers' isolated   irom   pi; 


aiK 


1  human  bloods  an  in 


tert'erint:'  substance  "thiasine"  or  thioneine.  as  it    was 


lat<M'  called.      'I'liey   cdaimed   that    this  compoiim 


1    is   not    the  same   as  substance 


X."  and   that    it    causes 


hi'jh    values   in   the  dii-ec1    method. 


Knnii  the  avera-es  -iven  in  Table  I  it  appears  that  for  human  blood 
i;,Miedict's  direct  method  applied  to  Kolin's  unlaked  blood  filtrate  -ives  re- 
sults more  .dosely  a-reein-   with  the  isolation   procedure  than  any  of  the  other 

blood.    Koliirs   direct    method    applied    to   an 


111* 


■thods.       In    the   case    of   bovine 


milakdl    blood    filtrate   -ives   results   a-reeini:-   mos 


t    closel\-    with    the    isolation 


j)roce(lure 


III   th 


e   case   ot    a\ian 


isolat  ion  procedures  on  an  iin 
lieiiedict  's  met  hod. 


hlood.    the   aLireeiiieiit    between    the   direct    and 
laked  filtrate  is  about   the  same  for  Kolin's  as  f(U- 


iJrown's   metlio<l.   with   one   exception,   uives 


hi'dier  results   on   liuman   and 


avian 


l,|,H)ds  than   the  other  methods,      in   the  case  of  bovine   blood,   there  was 


no  color   produced    when    iirown  s 
lak((l   filtrate.      When    lirown's   ( 


filtrate,  the  results  were 


isolati<ui    procedure   was   a|)plied    to   the    im- 
lirect    method    was    applied    to    a    laked    blood 
lower  than  the  direct   methods  of  Folin  and  of  i'.enedict. 


In   ]\y.\\    Benedict     sipjijcst  ed   the  use  o 


f  lunL:stomol\bdic  acid   for  the  pi-ep- 


aration  of  hiked  bl(»od  litrates.      lie"  also  suiiucst  ed  a   nu.dilicat  ion  of  the  isola 
tioii  procedure.      In  Table   jj    lieiiedict's  laked   blood   filtrate  is  compared   with 
Folin's    laked    and    unlaked    filti-ates    from    human,    bovine,    and    avian    bloods. 
Koliii's  direct'     and    is(.latioir    iiu'thods   are  applied    to   all    thr<M'   filtrates,   ami 
licnedict's  direct'  and  new  isolali(ur    procedures  are  used  on   r.enedict 's  laked 


filtrates. 


roll!  t  he  a  \  (  ra'jcs  in 


'j'jible  II  it  appears  that  in  the  case  of  human  blood 
results  by  all  the  isolation  metli<Mls  a-ree  closely.  Of  the  direct  methods  that 
of  Folin.  used  with  his  unlaked  filtrate,  -ives  r.'suHs  which  a-ree  most  clos«dy 
with  the  results  obtaiiUMl  l)y  the  isolati(Ui  pro.'cdur.'.  It  should  l)e  m.ted.  how- 
ever, that  in  Table  I.  with  an  unlaked  filtrate,  results  by  F.enedict 's  direct 
method  agreed  more  (doselv  with  the  isolation   j)roce(hire  than  did   Folm's. 
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With  iM.viM,.  blu,„l  nsuhs  l,.v  ,h,.  is„h,tin„  MM-tlMMl  ,|.,  „„.   ..nT,.  so  ..|os,.l,v 
,s  tWv   ,1„   wi.l,   innn.n   l,l„o.l.      l"..,....!!.., '.s   m.w   n„..l,o,l    .n-.s   ,1,,.   In.l.- 
v,.lu,.s;  wlnl,.  Koli„-s  ,n,.,hoa.  .ppli'^l  U,  Lis  unh,U..,l  Mtra...  .■.v..s  tlu.  „w  s 
v'.lurs       In  Tal.l.   I    liomMlu-l 's  is„h,li,m   pnu-,.,!,,,-,.  apph.^.l   ^<>   l-'l'"  -   ""I"'-' 
,,|,„„,  nitrat..  .ives  low,.,-  n-suHs  Ov.n  Kolin's  is.,lalio„  |,n,.MMlun.. 
m  ,l„.  ,.as,.  „r  avian  bl 1.   l>M,.,liH-s  , •   uM   ..v,.s   In. 

;      .      ,1  a„ n'„.,„   ..,.,vv ,  .rn ,  a,u.  isolation   ,n ..u.vs  .M 

h.  Tabl,.  1  tin.  a.n.,.n„.nt  is  nearly  as  .los..  wl.n,  n,.n,.,ln-t  s  ,n-o..,.,lun.  ,s  ,>s„i 

,„  ..,„H.l„sion.  i.  n,ay  ho  stal,.,l  ,lu,t   To,-  Inunan  and  av,an  bloo,l  .  .t    nak  s 
liHl,.  ,lilT,.n.n,.,.  wl,i,-l,  .nHln,,!  is  us,.,!,  |n-„vi,l,.,l  an  isoh,tn,n   pro,.,.,  u  .;  ,s        ■ 

!  .,,      or  ,l„.  ,rn ,   n„..ln„ls  ,bos '  r.,.n,.,li,-,  an,l  of  Kohn.  vv„b      ,.Ih,  s 

„U,.„  ,i,„-a„.,  .iv,.  n.snl,s  a.n.,.in.  ,.b,s,.,.v  vviU,  ,„,.  isola.n.n  l'--;';  ;;•-;; 
,,„vin,.   bloo,l    F,.lin-s   ,lin.,.,    nn-tbo,!.   a,,pln.,l    to    Ins    unlak..,!    """"•    ■;      .^ 

„„.st   ..|„s,.|v  witi,   tlH.  isolation   p,-o,.,..hn-...     Tl ntlun-s  bav,.   lotunl    1 

„„„„„„  nnnV  sa,isnu.t,n..v  tl.an   r.,.n,.,li..t 's  b,.,.ans,.  tl„.  ns,;  ,      <''<\>'-   ^       '    . 
solnli.m  ,.|iminat,.s  lb,,  fonnation  of  a  tronbl..sonu.  pm-nntat,.  wln,.b  ,s  ahvavs 
inunincnt   \vli,.n  l'.,.n,Mli,.1 's  nn'lln.,!  is  ns,.,l. 

(i 


r,.iv,.  .„„,<  7.;,. ..,.  ..r  SUV,.,.  ,..,„...  ...i,..i.."  —  "  ■■■'  '■■  •'■'■■-  '■•■'-^  "^  '"""■'"-'         \ 

.1..W...      l.'.icl..^      rind     llUllti-r.*'  P 


Since  this  pajxT  wos  wrilton,  Foliii"  lias  mado  s(  vcral  rovisions  in  his 
direct  inelliod  and  in  the  j)i'o|)arat ion  of  his  ni-ic  acid  i-ca<i(Mi1.  While  la(d<  of 
time  j)revents  tlie  reix'tilion  of  the  wori^  h<M'e  presented,  it  is  felt  that  Folin's 
latest  technic  shonhl  l)e  e(>nsid(M-ed  in  seh'ctinj:'  a  iiietiiod  Un-  the  (h'termination 
of  uric  acid  in  animal  bloods. 
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mtiT?  nmTRIBUTION    AND    CONDITION    OF    NITROGEN 
^  m  THREE  HORI^^^^  A  DIFFERENTIALLY  FERTIL- 

K   HAGERSTOW  LOAM   SOIL  PLANTED   TO 

APPLE  TREES  IN  METAL  CYLINDERS ' 

By  Walter  Thomas 
Professor  of  phytochemistry,  Pennsylvania  Agricultural  Experiment  Station 

INTRODUCTION 

In  a  recent  paper  (lo)  ~  the  writer  reported  the  utilization  and 
Vv  of  nitr()<i;en,  phosi)horus  and  potassium  by  ai)ple  trees ^nmvn 
alcvhn(hMs  for  a  period  of  C,;:  \  ears.      Thes(>  t  n>rs  received  r<;a(-n 


recovery 

•nriiuO  "<hlrniir  the  last  X  years  of  -rowth  (htlcrcnt  coi 
nnro "salts  sodium   nitrate,   monocalciu.n    |)lH)sphate,   an<l    potassium 
,lnh-ite       It   was  shown    tiiat    th(>   ratio   in    which   nitro^^en    (as    \u 
1(   lihori-    "-  ''  '  »->    ='>"'  ootassiuiu  (as  K  O  »  wciv  ahsort)C(l  !i-om  the 


mhinations  of  the 


■M\{\  i)otassiuiii  (a 


(lelsaltslNnNOa,  ('nlhd'O,:^,,  and  K,S( ),)  hv  those  t  rr.-s  opt  m. urn 
til  respect  to  ^n-owth  and  reproduction,  that  is,  the  trees  receivm^^ 
he  NFK  and  ^V  treatnu-nts,  was  ;^0.3:l.r,  as  compared  with  a 
•8-4  ratio  actually  applied.  This  latter  ratio  was  based  on  the 
piirrent  orchard  practice,  i  uf  ^leau  uivt;i^v.ii..o  .)cl\.Cv..  ..k.  ^ 
ratios  indicated  the  need  for  information  as  to  the  condition  of  the 
added  nitrogen,  phosphorus,  and  potassium  in  the  sod  in  order  to 
deli^mine  the  ext(^nt  to  which  these  -theoretical'  qunnti  les  and 
ratios  should  be  modified  as  a  result  of  the  changes  produced  by  the 
interaction  of  the  added  salts  with  the  soil.  The  present  investigation 
reports  the  status  of  the  nitrogen  in  the  three  sod  horizons  m  the 
cylinders  from  which  the  trees  referred  to  above  were  removed. 

METHODS  OF  EXPERIMI^NTATION 

Inasmuch  as  the  detailed  plan  of  this  experiment  has  been  reported 
dsevvhere  {S,  14,  10)  a  brief  outline  only  is  necessary. 

The  soil,  the  analysis  of  which  has  been  recorded  (//),  was  tormeci 
in  place  by  the  weatherinir  of  linu^stone  to  the  lower  Silurian  lorma- 
tions,  and  is  of  Trenton  origin.  The  excavation  was  inade  on  a  strip 
of  land  110  by  11  feet  adjacent  to  the  college  experimental  orchard 
The  bistorv  of  this  land  indicates  that  except  for  the  droppings  ot 
cattle  no  dressings  of  fertilizer  had  ever  been  applied.  It  may, 
therefore,  be  described  as  a  virgin  forest  soil.  The  mechanica  analy- 
sis (11)  suggests  that  the  surface  soil  consists  of  a  heavy  silt  loam 
underlain  by  a  clay  loam  which  becomes  heavier  in  texture  as  the 

deotli  increases. 

The  soil  was'  excavated  finun  this  strip  by  a  scoop  shovel  The 
layers  from  each  of  tliret^  horizons,  viz,  surface  (0  to  7  inches),  sub- 
surface (7  to  21  inches),  and  subsoil  (21  to  53  inches),  \v^(M-e  kept 
separate  and  each  was  thoroughly  mixed   and   weighed,      i  he   total 

~^^e<\  for  p.a.lication  Nov.  4,  m.i;  iss.ie.l  July  1934^    Technical    Paper  no-  613  of  the  ^'^IJ^jyl^^iy^^ 
Agricultural  Exileriment  Station.     Presented  l>efnre  the  American  Society  for  U or t  cultural  Science  at  the 
Boston  (1933-34)  meeting  of  the  American  Associalidn  for  the  Advancement  of  btietue. 
'Reference  is  made  by  number  (italic)  to  Literature  Cited,  p.  8.56. 
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Suol,  .^vl"H-lbmT0^vs  wcv,-  >;S0,    -     ">K,;„ft '.";',',  ,,o„si..v  ot  the  soil 
a.l.lition  oi  each  wIh^^I  1. .     .  s  "     ',;,   '   ^',,„,,,;  |;u,a  ,vi,h  3-incl,  cast- 

r<wi    I,1I)<>     iniKlU'S  .M(M'I    1111(11,111.  I  1        _  ,.,,..,,,>,.*    f,.fl,„ 


y  w 
content    t)t 


;;.;;"  :;;!ni;i.tcHl  in  tlH»snnn,  of  1.21).      iHilornn 
nitro'Tn      pliosphorus,    and    potiKsniln  . 

ie   !    nin.tions  for  totn!  nitn...-n  n,   th.  nn^-mnl 

thoom>rofaiialvsis(iO.(H)()l  p.rconj  nu.st  Ix 
resulting  from  diirorences  in  t;-0'>^»i^;^^- 


ii  r(>sp('('i  to  till' 
tlu'  soil  in  the 
'rii(>  mean  (if  :]() 


mi  1 


li\('n  \\\  the 
\  ;;lii('S  ^•r(Mil(M'  than 
jittrihntod  to  causes 


tiicky  bluegrass,  Foa2>m<6'.>.o  ...,  ...;^.  ^^^^^^^^  ^-„     j      ^ 

g:  nan  oil       ,;..   ,^^.^,.,1    -rylinders   under  cultivation.      A 
■'      ~  ^  -         '  "■■         of  nitrogen 


accomplislied   by   growing   ry.    ^'^--:\r"]o^,,    ^^5 /^  should  be  con- 

minpral  fertil  zer  until  the  sprints  of  192o,  nt  u  iioli  ""'^l 

tre  tment  with   difTorent   combinations   of   so<luiin   nituitc    mono 

erosion  hv  water  and  practically  none  by  wind.      ,  „      .  ,    ,„.  . 

Tesodiuni  nitrate  was  ad-kxl  according  to  the  following  schedule. 

Qrams 

906 
April  18,  192r3 45 

May  3,  1926 45:^ 

June  7,  1926 4()H 

June  20,  1926 3:^7 

Mav  5,  1927 33s 

Mav  IS,  1927 337 

June  10,  1927 __„- 

2,  824 
Total ' 

This  total  of  2,824  g  of  sodium  nitrate  is  equivalent  to  465.5  grams 
of  elemental  nitrogen. 
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...      AT^fr-nnfiT,   ill   l^OU  riahlta  lu  x^iy/y^to    ^  .  ..--    -^   ^u 

May  __ 

j,p  "P/nJ  f  ■^,,^3''^  ,/',  ;  .'ss  ve  quartorin^s  from  each  of  the 
'^1^'  /fn  m  vhch  ho  trees  had  l.eln  removed.  These  samp  es 
cylmders  /■""'  ^^'i'* '  ^,  ,l "„  sieved  through  a  l-milhmeter  sieve  (-« 
:„TsSt'tdass-  i";  in  the  darK.     Analyses  of  the  trees  have 

abeady  been  reported  (/4)_  KjoldahUiunning  method 

Totalmtrogen  was  det(rinin(a    )\     n  j^^_. 

to  include   the  n,tr<,gen  o    n    rat       a     j^      m^  ^.,^^^.,    ^.^^ 

the  surface    «"'!  ^.•'■"  ,  •^,:^,i,  ,  [  ,f  tl  ,      ),.varda   alh.y   method     a 
Nitric  mtrogen   «as  '1^"*  in  lu  <1    r>y  ,     ,         ;„    j,„.   ,,,,,les 

200-,  charge   being    used     '  _  '  ti    S^  'H.- 

I'lisi^-  EXt'KKlMKNTAi.   DATA 

T„h1e  1  .dves  the  percentage  an.!  absolute  auu.unts  of  total  nitrogen 
ineach  of  the  three'soil  horizons;  that  is,  the  0  to  7  inch,  the  7  to  21 
inch,  and  the  21  to  53  inch. 


Totiil  nitrogen 


Absolute  amount  tottil  nitrogen 


Soil  before  trees  were  planted 
Sod: 

Check - 

PK 

NPK 

NP 

NK...- 

N._ -   - 

CuUivtUion: 

Check 

PK 

NPK 

NP 

NK 

N 


Sub.sur- 

fiu;e  (7-21 

inches) 


0.  OSfi^O 

.OH'iiy 
.  ()S2()0 
.  ()S2()() 
.OK I HO 
.  ()S20() 
.  0S2(X) 

.07! 10 
.  ()74Sr) 
.  07S(K) 
.  07iHX) 
. O7H20 
. 07^90 


I'trcent 
0  OfiOO-'i 

.  OICtKJ 
.  (>17(K) 
.OfiU'.O 
.  0,V2.^.0 
.  ori.MH) 
.  05200 

.or)  UK) 

. 05000 
. 05290 
.  052;M) 
.  055(K) 
.  05200 


Subsoil 

(2l-5;i 

inches) 


Surface 

(0-7 
inches) 


J'CTCCVf 

0.  0^i52;5 

.  o;m(K) 
.  on  v.ts 
.  o;{i»oo 

.  OH'JOO 
.(HO  10 
.  ()4(K)0 

.oim^ 

.  0:^57 1 

.o4:uo 

. 04250 
. 04U50 
. 04200 


Subsur- 
face (7-21 
inches) 


Subsoil 
(21-51} 
inches) 


Grnms 
50<).  I 

477.9 
479.  H 
47S.  n 
47S.  f) 
479.  S 
479.  S 

415.9 
i     Am  4 

45(1.  4 
1  4f.2.  2 
1     457.  tl 

4(11.  f) 


Grams 

5S9.  7 

542.  5 
5.54.  :>, 
(■)i:V  2 
f.l9.  1 
MS.  t) 
f.25.  0 

(101.5 
590.  4 
(120.  h 
(114.4 
(14S.  S 
020.  2 


(Jrn  ins 

94(1.  K 

914,  5 

94 1 .  4 

1.019,0 

1,049.0  1 

l.OSiO  1 

1,075.9 

92r..  (1 

9(10.  5 
1,  14(1.0 
1,  142,9 
1.  170.  1 
l.Kil.y 


Total 

(0-5;} 

inches) 


Grams 
2,  042.  fi 

1,934.9 

1 ,  975.  5 

2.  140.8 
2,  1 4(1.7 
2,211.4 
2,  IhO.  7 

1,941.0 

i,»H7.;? 

•J,  22;<.  H 
2,219,  5 
2,  27(1  5 
2,2i:i.  7 


Table   2 
nitrogen 
by  differc 


o  o  crives  the  percentage  and  absolute  amounts  o  nitric 
n  ;nd  of  no  itric^  nitrogen.  The  bitter  vabies  were  obtained 
ercnue  ttween  the  totalnitrogen  and  the  nitric  nitrogen. 


N 
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T.TUF  2 -Percentage  awl  absolute  amounts  of  nitric   and    nonnitric   nilrogen 
^  respective  llLns  before  trees  urre  planted  and  at  the  end  of  the  expenment 


m 


Soil  before  trees  were  I'laiiteii 

yo'l; 

Chock   

I'K     

M'K     

NP --- 

NK 

Cultiviition: 

Ctunk     - 

I'K         

M'K      --- 

M' ---- 

NK 

N 


May 


1,1934  Nitrogen 


in  Soil  Planted  to  Apple  Trees  in  Cylinders  849 


'^'^^iMrrenec"  (m  grams)  bel.rrcn  the  amounts  of  total  nitrogm  present  in 
Table  ^.—Uijjncnee  ^^./    ^^  ^^^^^.^^^^^^  ^^j  ^;,^,  ,.  .,,/,/('m.s 


DISCUSSION   OF   DATA 

T(»T.\L  NlTKOdKX 

The  <luU„  m  t.lHO  ;  ir„i:.alc  t'lM  nl  the  .'ih!  ..f  ih.  ;■^l"■^">' i;'  "'^ 
t.,Ul  ,rar...,..M  ■■uMtont  oi-  tho  MMl.,-..  >o,l  n,  all  ''.^  l'"';'.';  ",',„: 
wassliditlv  -mim-  ll^.n  ih.t  •.,,  ,  vlm.lr,^  umI.t  '  ''-''^ '''V''^''    '    ' "  i 
as  l.asnlroaav  boon  poi„t...l  nu!.  ihc  ryl.n.Vr.  u.hUt  <"I"^^"'"        ' 
rorcMV.Ml   ir,.<l-i:n,n,s  iumv  niu..;'...  Hkm  the  ,  ..n.-P<  ".lin>.'  (■>  hmk 
u.ulor  so,l.     the  ,!iruM,-n.c.s  l„Mv.,.,.„   tl,.   '.■  t.l   ..iln  p.M,   '-;"  ' 
(■„nvsi,.,M.lin-:    ryliiuln-    unAri    the    l«n    ^vM.miis    iti    ll.c    .cH.utiM 
h(vri/.(iris  lire  shown  in  tiitilc  M.  .  i 

The  <\nin  i,i  tabh'  :;  ,h.  not  take  into  ,„roonl  tl,..  M|troi:.-n  r. 

hv  tho  trees  „n.i.  ,n  ^o.l,  hy   the  ■"»-  al-o.      I  he  'I'^>;IM'''^'V '" ' 
nUrouen  (as  total  nit.o;.MM,)   ul,en   tlie  anionnts  reniove,!  l.y  t        r« 
arc  t:^l<en   into  aeeornt   is  siiown   i.,   lnl>U.  4.     '1  h.s  ,hsa|.peajamo  . 
culled  )iy  some  investijrators  "the  apparent   lo.^s  ol  nilro<;en. 


lloi  i/.on 


v;iirtai'e  «»  V  mciies)    ------- 


Ch.erk  I'K 


M'K 


+  tl2.  0 
-.VJ.O   , 
-  12.  1    I 


4:5.4  I  +2:i.4 
■'M\.  1  :  -T.ti 
-ly.  1        -i»7.<i 


M' 


NK 


+ir,.  4 
44  7 

-  u:;.  '.I 


-  11.8 


-81.8 


'.'2. '2 
0 

-h7.  1 


N 


■  4.S 
-  Ml.  0 

- :'.:',.  0 


,.  bv  V.  iiicii  Mu-  t(it:il  nitroffii  iiniiti 


(1  IS  -KMter  l!:..ii  V  : 


or 


Ifs^  tli;'.!i  ( 


Table 


4.— A 

soil 


^i'rnnen  disavvearancc  (qram.'i)   caleulaied  on  Ihc  to^ni  a.ao, 
tZuM^yer  iO  to  Jis  rnches^  at  the  end  oj  the  e.pcnmen 


he  total  a'.lro.j'  it   nj  .  tie 
i 


Item 


(l)A.no.ii:iM''^    .n.  .;,-::  beft-eexpcn- 

,„   ^^!:;lK,t   -s^.l-i^Min  N:tX<.:(      1'-" 
^,  ,.,.rist^   _;,  r>..    -- • 

(3)  Aliiouiil   ^  iii'i"     ';i  '.'■'' 

(41  Ainoiint  N  fniin'l  ^ - --- 

(',,    1  0'-^  nf  N    .'MUli     ■■ii 

;,;    Totiibunniml  \,.;.  ^^f.■l^^  Mer    Moi- 

i,„r  ^-r,,A  I'll    Mrl'.s   ■••!    1    :i"    '.-' 

jHiv-iOi:  ;„   .'.  ''(.11     \  'iiii.--  't,t  t.   ^ 
ytar.-.uf  ttie  e.\perii'i(;iil 


llcin' 


(I  I  A:;.<.i:'.il 
;ien 


\  nrc-t-tit  111  '-'iM  t-  iMiceNin  n- 


iTJ    '.         -.<   »- 


2,114:^  o 


c;-  I' 


ii;:^  Ii 


■J.  (i}2  •) 


i2    AiiiMiiiit    N   "1u(m1  m   .N;'N<»    '      *'''^  " 

_r  I  .  si'ci ;  -  '      2  ; I  '.' '    -    

(■<)  AihouiH  N  II''"'.     1'  '  (2)--- 

(4,1  AiiioiHit  .N  foiiri'l         

If)  l.ds.s  of  .\  from   ■nil 

(C.)  Total  iiinotiiit  N  at' lu'l  icl  ti\  troc^Miii- 

\\\z  L"-(iuth  itM;>.  .ii'l  riKit  o  ^ 

:    D.sM'I'eir.iruc  <  I   N    i'.v   l- irlin'.r  ariM 

iMissiJ.ly  ;is  l:i   o'Hl-  N  ■  i  Jrili^;  t  he  •'.  j 

\c,,rs  of  I  l.e  cxiKTiiiifiil        • 


,'J  1 

J.  <"  '-'  11 
l.'.'U   (1 

:  ;■-  0 

1"  1 

^!li>7.  .< 
71   7 

■J.  •'  -'■  II 

SO.'    1 

_',  .'-''■  1' 

_'.  Ji'.i.  .'1 

;,()-i.o 

;-:;  1 
.'.  .".-'■  II 

-  _'iii.  J 

4>:V  4 
2.  .".'-'I',  n 
■J,  -nw.  7 
-;U2  :'. 

.-,;',. ') 

f.3.  4 

IM)   ',' 

'i7n.  3 

i;ii.H 

121  ;5 

-  f.i.  .^ 

-  '.]/\ 

-    IJl.ii    , 

! 

1 

-i;w.2 

-117.7 

-11)1.0 

1       1      .'     /,   4      -"   liw.lw»>-     il\<>  i()->'~«'^   from    th(' 

,,j^         p(,,.    nl.KMHll:^    l-,V    Nvb.lrl.    t!.0    In:-.-      H.    .M    «!     )    U  ^ 

1         .1  l->r  1       ,<>  M       tff        WW.  .Nl       IV.         ill.         •>    »      '  ' 


:,st('iii    vMWi\    thnH'  ■under    lli<'    Inttcr    nir: 


SV.StClll     l'.^^•<•«'(l      t!:n^^<'     UIKHM      ^  "''.""  ^ .        I . ,.    ,.,  .1 .   t -( 1    '  ; )    t  I K' 

AK    4/.h..iHi    ^'   '.-,;,  ,.,>,!  in   llu'  ^n'hM.ii  ol'  the  rylnuln'.  undd 
uccn-tioii  ol   n(-:n!l:i«-   iiitioj-cn   m    ui  ,.,f,,  omm  vv  lien  en- 

■  uhivation,  Th..  ne,  r, -uit  i-  a  L-an,  ir,  J'''''^'' ''''.';,,;.,  ^i's 
,.„i,.,ed  on  th,.  ^^hole  .l.plh  id  lo  .Vi  inehe^;  in  he  "•','.;'  :^ 
under  euhivaOon  a-  ,o,npareo   with   lho~e  -uidei   sod.      I  hi.  ..ouH 

(li>(Ussc(l  ljit<'r.  ,      ,        ,  •  .    1  ,w      ii  \\   '\<  ('•iiscous 

Lna.  7  of  tahl..  4  ..ives  the  looses  hy  leaehu,;,'  and     o^m,       .     .as, 

nitrotien    .i.e.,   th.'  -o-.ahed   "n.tropM,   l.ahn.ee    \  \''l    ^' ^T^  ^^\,, 
kver  id  to  o:    UH  he.).    The  sanu'  .lata  .■ahuh.te.l  h,.      '    ^      <'' ' 
T'.i„lu-s  and  sul.snrla.e  0  to  21  inehes  only  are  sho«.,  n,  lal.U,  ... 


1 
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Ta 


BLK  5.-\'rlrogcn  balance  {in  grams)  calculated  to  Ic.s  than  full  depth 


Horizon 


0  to  7  inches: 

Under  sod 

Under  cultivation - 

0  to  21  inches: 

Under  sod 

Under  ctitlivation. 


(^leck 


+5.8 
-50.  1 

-41.4 
-44.3 


IK 


+34.  0 
-25.  7 

-7.4 
-25.0 


NPK 


NT 


NK 


N 




1 

" 

-292.4 
-352.  2 

-304.  6 
-357.0 

-3(>0.4 
-400.1 

-309.5 
-406.6 

-208.9 
-321.1 

-275.2 
-332.  3 

-301.5 
-341.0 

-334.2 

-376, 1 

'   '1  ho  nitro<;oi.  buhuH-c  is  soon  to  v=>ry  ^^ilh  tbo  dopth  of  soil  upon 
wl,  .     tho  ■.l,.,.lMlio,.s  ..r  l.a.o.i.     In  tho  0-  U;  7-uh-I.  Im.vo,-,  a  niln,,..,, 

f;:;:;o;^;;:  uhM 

.  V?    o    on    ho  whoh.  .U'lUl,,  .)-  to  .^:i-in,h  hiyor,  h|sso.  ol  n,  ro,on  uro 
i   I  hi  olv  osh.l.li.lu.l.    Tlu"  hi.Kor  lossos  sl,own  m  tl,o  ni  Uatoa  o   In.k.rs 

':■,.,  7-nH  h  an.l  0-  to  21--inol,  layors  as  oonM-aro,!  with    ho  .-  „ 
5\-i  oh  luvor  appoar  to  !.o  only  an  .expression  ,.    the  lart   t   at  tl,. 
una  ti  V  o^'  .litrL  OS  (nitric  nitroKOii)  b.voiues  groater  syith  dopth. 
'  \  ore  information  witli  rospoot  to  the  status  of  the  i.Jtro^^en  is 

,Mojc  11.  o     .,_,.,,      ,        ■„.;,.       f   lu.nnitno  fractions  ol  the  total 

nitrogen  separately.    These  are  shown  in  tat)le  2. 

NITRIC  NITUOGEN  (NITRATES) 
MOBU-ITV  OF  AdDBI)   NlTltiC   NlTIlOUKN 

Table  2  shows  tliat  the  nitri.'  nitrogen. oaloulated  on  a  percenUge 
Ivisis   ie     t  e  .-oneentration  of  nitrates,  is  greater  in  the  subsurface 
hrn'in  eitl^r  of  the  other  horizons.    The  absolute  -;-->*  c.mt„c 
nitro.'on    however,    s  greater  m  tho  subsod  in  all  casi.,.      me  lasi 
a  Sucation  of  NaNO,  067  grams  nitrogen)  was  --;''•',    -,f;P7V;o 
1  )27   4'i  ii'onths  before  the  trees  wore  removed.     1  lesu  iuU)l.\,  tliere 
mt   tills  in  "eased  c.nocntratioa  of  niirio  nitrogen  m  the  snhsurla.e 
s  merelv  ...  expression  of  the  move.ne.it  of  ...t.ogen  as  ...trie  ni  r«!^ 
ro  ."ill  last  lipplioation,  and  when  tal<en  '"  'I'-'i -;  -^  ^    '„ 
.lata  for  the  nitric  nitrogen  in  the  cheCv  and  1  |>,,'.>'   "'_'■"' ^Irf'V 
that  the  greater  part  of  the  last  ai-i.tioatum  was  still  m  the  ,-  to  -1-in.  n 
layer  at  the  conclusion  .d'  the  e.xporiiiient. 

N'lTiac  NiTiiOHKS  I'xoKU  Sor>  and  Ci  i.tivatiov 
It  «ill  !,<■  recalled  that  ea,-h  of  the  cylin<lo.-s  uiKh'r  ,-ultivatio.i  K- 
,.,.ive       3     .'.•a.ns  mo.-e  nitn.go..  in  the  f..rn,  of  rye  ..over  .-rop  than 
vl  .    0  s'  u'ulor  s,)<l.     Now  tl.e  oiu.-nt ration  .d  .ntric  n.tr..g.M.  u.  tl 
wl         lepth  (0  to  ,3:^  inches)  of  the  check  .■yli.uler  >„.dor  .•nU.vat.on  ^ 
;?.3,7  urams  an.l  that  of  the  ,.yli...h.r  nn.ler  s..d  is  29.,>  g.   .   s    s    on 
pm-cfuith  22.4  grams  m  the  original  s...l.     However,  m  the  ,-.   Hide 

i V,  rc.eivod  ,ni.u.ral  nit.-og...,  i.,  ad.liti.m  to  that  m  n.duce.  h  tV 
creen  .uanures  (the  .\PK,  .\P,  NIC,  an.  .N  ,yhn.l...s)  'h'  .o  on 
ti,.n  of  ..itri.'  ..itr..g.M.  in  tl...  whole  .lepth  is  mu.h  g.vuter  m  all  .  * 
in  tl.e  .-vlinders  muler  s.,.1.  This  mav  be  only  '}"^'^'''\!'''^'^'^;~ 
the  .lifro,-en..e  in  the  status  of  the  s,.il  nitr..g.;n  u.  th.>  thro,-  ho  .  > 
u,,dorso.l  ai'.d  .■ultivati,...  previously  referr.'.l  t..  m  th.'  'I'^'j' -^^"' ™ 
th.'  .lisappearance  of  nitrogen  (as  U.tal  N)  by  lea.diing  and  | .  ss  WJ 
as  gasc'is  nitrogen.  This  will  be  bi-..ught  out  mo.-e  .dearly  m  the  m» 
cussi.)!.  of  tl.e  nonnitri.'.  nitrogen  ;      'tioii. 
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An  Iwentoky  of  Nitric  Nitrogen 


\  more  complete  picture  of  the  status  of  the  nitrates  may  be  obtained 
r  iX  inventory  of  nitric  nitroj^^en  shown  in  table  6,  in  which  account 
Kn  taken  of  the  nitric  nitro.^en  equivalent  to  that  absorbed  by 
Jhe  trees  under  the  different  treatments  from  the  added  NaNO:,. 

T.«TE  6 -Inventory  of  nitric  nitrogen  {in  grains)   at  end  of  experiment   {0  to  53 
'■-''^^^  inches) 


Item 


riod 


(^h(Hk 


11  S  ad<lo<1  to  ciich  cylindtT  m  iho  form  of 

>   X  absorbedhy  rach  tm'  <liirinp  t^Towth 

^"    '  .ui(lnl<o(in.sod)l.y  theuri.^:s 
;,  N  Hb-orbfd  by  cirh  trr.-  from  ad. led 

N'aNO^    -    - 
j4;  Theoreticiil  iimount  (-f  N  e.xi.ccted  in 

soil -       '     ■ 

S  Disappearance  of  nitric  N  durini^  tho 
6}/2  years  of  the  experiment -- 


0 

36.  5 

0 

'29.5 


I'K         m-k:    '      M' 


0 
56.8 

t) 

"33."  6' 


1H5.  ."> 
■Jt)l.  1 

\:<,2  7 

332.8 
223.  5 

109.3 


165.  5 
190   1 

!:(-'.  4 

XVA.  1 
230.  1 

103.0 


\K 


465.  5 
i:!3.4 

91.9 

373.  6 
270.  0 

103.6 


N 


465.5 

124,3 
83.6 

3H1.9 
25S.  6 

123.3 


Item 


(1)  N  added  to  each  cylinder  m  the  form  of 
NaNOj ,  "- 

1^)  N  absorbed  by  each  tree  during  growth 
and  also  (in  sod)  by  the  grass.- 

(3)  N  absorbed  by  each  tree  from  added 

NaN03-- -       -,  . 

(4)  Theoretical  amount  of  N  expected  in 

soil - 

(5)  N  found -       -       -  -     - 

(fi)  Disappearance  of  nitrif  \  during  the 

6H  years  of  the  experiment 


Cultivation 


Check  PK      I     NPK     !      NP 


NK 


N 


0 

,^)3.  5 
0 

35.7 


0 

6:^.4 
0 

37.0 


465.  5 

ISO.  9 

117.5 

34S.  0 
195.  7 

152.3 


ui.-..  5  ; 

170.3  , 

93.2  I 

372.  3  I 
20-1.  S 

167.5  i 


465.  5 

131.  S 

1 
7H.  3   I 

3H7.  2 
256.  0 

131.2 


4t'»5.  5 
121,3 

67,8 

397.  7 
243.  1 

1,>1.6 


The  nitric   nitro<ren   absorbed  hv   the  tre.-s   (table  C.   line  .5)   was 
obtained  in  a  ma.mer  sin.ilar  t..  that  .les.'ribed  ...  an  ea.;her  i.ap.^r 
Ha   1)1,  670-r,73).     The  values  in  line  W  represent  the  ddlerence  b.- 
Un'the  an.ou..t  .,f  uifogen  «bs..rbe.l  by  a   tree  wh.<di  rwc.ved 
ailditions  of  an.ither  element  (..r  other  ele.uei.ts)  than  '"t^fff"  f  "'  ' 
tree  from  whi.h  nitrogen  was  .....itted.     The  values  so  obta.ne,  1.   .  y 
not  be  n.atl.en.ati.-allv  e.xact,  inasn.,.ch  as  the  \\.rkui.gswe  t  (.d 
factor)  of  »..  elcn.ent  n.av  not  be  the  s,m.e  .n  the  p.-."sence  of  a....  h<  i 
factor  ,u-  fa.'tors  as  wl.e.,  that  fa.'tor  ope.'ates  ,.l.me,    ^^.7''['  7.'  v;:; 
theie  Mie  uun.er..us  experiments  that  lend  supp.u-t  t.i  M'tsch.  i  1.  h  :, 
.•ontenti....   (7)   that   tho  \Virk.ingswei;t  of  ».,  element  may  '"^    »    I," 
constant,  espe-iallv  und.M-  the  .-ont.-olle.l  cn.litio.is  of  su.di  »>'  >  N    "; 
ment  as  tl,.'  p.esent  one.     The  meth.nl  .s  beheve,!    o  be  sufhc.ent  y 
accurate  to  Imn-  out  M..>.e  .dearly  any  .d.ara.dorist.c  '''  l'''''''' *^^  ' 
the,  stat.is  .,f   the  nit.i.'  nitrogen  .d  tl.e   respe.tive   tro„tme>.ts  and 
especially  with  resp.vt  t.,  ,lifVe.-(.i..'.'s  between  the  two.'ultu.al  sys- 
tems,    the  prc'cluie  a.lopte.l  may  be  in..re  .cad.ly  understo.>d  Iron. 
the  following  alg.d.i'ai.-al  analysis; 

Ui  a  .a.nouot  of  oitrogc,  present  io  the  soil  of  each  cylinder  before  the 
troos  were  planted. 


N 


852 


Journal  oj  Agricultural  Research 


Vol.48,  no.  9 


r     -x  .  ..r\A,.r\  in  ofich  cvliiuicr  in  rain  and  snowfall. 

L.tx  =  amount  o    m  roge     a<k  e     ^»^^^^XVyMu,U-r  under  cultivati,,,,  in  the 

::::;2=i:=F;riS,i;:3;£ts;;i;K..... ■ «- 

cylinders. 

. ,  frnuf  orl  troos  havc  o])tuiiiecl  tho  nitrogen  uljsoibod 
Now  ^f"'^^^'J^'^^^^^J!:^ur..,  a„.l  tin-  trees  xvhicl,  .11.!  not 

;;:;:;-:r:.;::.::::,:rni;::'w^ 

oTONvth  will  l)c  some  Iniclioii  <.l    u/  r  x  i  //  ■ 


Let  ^    -A;(arx+//  1-2) 


1 


Let  -  -J:'{(i  \  ^rU) 

r 

TluMi,  by  subtraction 

,s        /• 
Now,  if  kia,-x-\y)  is  ec,u.l  to  or  very  nearly  e<,ual  K.  I:' Ui  -  .  i 


.(3' 


>J\ 


1      1 


kz 


then,  from  (li), 

by  the  IMv  tree.  witiiout  minera! 

;i;;;rn^,>^in.l  !;;,!ly's*;,ve!/l.y  tl.  ;vntor  ,,;  ...  .■.^^u..  pap.../..^  ^ 
The  amounts  „f  ,utr..-en   •■.l.pj.e.l  /'^  -'   'j'"  ,     ,f  4t;5  ".    A 

eiu.u-lL  lutrates  t<.  ae.-o.mt  I...'  the  »'''''''''  ''V', ,7 ',,''';, ,e  t«ken 
venr^.f  the  experiment,  4'4  m.intlis  heh.re  the  ^"  'I'"^  ^^  ^^'  (  j,,, 
,  ''the  flu  .,f'l027,  au.l  in  achliti..,.  a  '-■>- f™  ;  j;.  f  1  ,  ■  'St 
nitms^en  nMoA  in  the  se.'cn.l  appju.,ti.m  m  the  ^1  V"'f., •  ;-,,,,  the 
totalVe-'.pitati.m  aur.n,^  the  peruul  l»'l;^>'\'|'/;";  "'C  :      « 

next  was;  May  18,  1025,  U.  May  2,  V.\2(,,  ,51.S  m.  lu>,  May     , 
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/  \f„v  4    1027,  44  in.'hes;  M;iy  f,,  1927.  t...  Septen.l..-r  20.  1027,  iSC 
?",£•     in   a.l.liti.Mi,  2   in.I.e.  ..f  r.rtill.nil  Nvater.r,-  wiis   „ppn...,   .n 

%i'^oti:rmite:re>:p..n;ne;:.s 'S'on  the  1..SS,.  of  nitn.,en  in  the 

''  rfi?  wh'eh  r.'..Mv..,l  n,.  artideial  a.hlitmn-  ..I  nitn.-.'n,  are 
Tuiulv  0  .  In  s,n.n,,rt  .-f  tiie  vi.nv  tin.l  nitrat.'s  are  r.^„l,ly 
f'^'l  L  V.ils  A  the  en.l  of  47  yo.,rs  the  anu.unls  .,  n,fn.- 
S  ,  /  in.  i  llH.  .Iralr,a,e  waters  w.T..  ..<|..al  to  the  t.,tal  h.ss.js 
it  ,  '.M  fr.mi  th.-  soil.  'Ph..  rale  ..f  loss  was  ...|ual  f.  40  l-.oin.ls 
'..""nmn",    p.r  a.r,.   m    the  .■arli,.-  years  an.l    hel.,w   2.",   po.n.ls   ia.- 

■•■'i:::i;;;:;:-i'v:;,;,^'',:r'r:  ■;::-::,.(«),, ..o^n..s 

,,  'ii,,,l  ..  ..Miiiin,  niir.i..  :•.  i;,.. I-'-  i-^'l''   i'^^^"'      ^'"-■'■;;'!"-,  •!■ 

n,.: f  nO...:.:vM   ,n  2U  ye:,r-   w.as  as  l..w  ,■,-  ..1    P--;l. 

,;„,;,,,  „!■■,l„.l„.,^v,■i.,v    ...,,,un,,..l,.l.n,.nHr.-.e,,,n   pusses 

The  iu'estiu'ati.ms  .,f   i  >.■  Sorn.,y   (i'"  also  m.ii,..t.-  Ih.t    n,.ral..s 
niav  n'nai"  i"  H'''  «"il  available  to  |.lants  lor  Um^i  p.-n.as,  movn  u 

S  V  alt.-a.'th.n  was  h.nn.l  to  he  nui.-h  m.-re  rapi.l  than  the  .h.un- 
r.  iV.a.-nient  bv  rain.  De  S.anav  rei-.-Hs  that  D.mh..  ,a,  ami 
B  uot  at  Aisn..  loun.l,  in.an  un..-o,.pe.l,  l'^''!' ',-'!.''.>,,;-;;;;•; ';;,;;; 
that  after  a  rainfall  of  O.S  in.-h..s  .hnnxj:  a  p.-ri.,.!  .>!  -  m.,  ths  more 
than  nne  half  of  the  a.hl.'.l  s.,.linm  mlrat.^  ren.anuMl  m  the  hist  S 

"1'lonMve..ntlv  Ain,.s  (,')  has  r,.port,-,l  that  .hn-in.  the  pen.,,1  102S  30 
t!.,.,u!ri,.  ni(r.i..-..n  .•.,nt,.Mt  ,.f  th.-  s.ul  un.ler  <;orn  ,.r  -".v  "."'■  '  ;" 
e..oo,..i,>.l  .■;o  p,„in,ls  p.r  a<-re  ,n  the  snrfa.'e  (,-,..  in.;h..s  ;"'»;; 
aft.M-  a    ve.r   .,r   .Ir.iudU,    th.'    nUne    nUr..'.'rn   .-..nient    ■...eh..,l    ..00 

pounds  pel-  a.'l'.'.  .  .      .      •       ,         .■   n 

Th..  prohleni  is  suniin.-.l  np  l>y  Ma.-lnliiv     »s  h.lL.ws 


It    i^   CN.-O.'.liO!:!)      iliHi.Ill!     lit    II 


l.-.k''    .:'.    lOii 


.■l;i!irie,|    ^.-il.  li..'Ol    :.■    ti'  It'-   !';;l<-  ".'f 


aiick-d  nilrouen.  Tlii^  uiH  varv  uitW  ti,..  hmI,  ='''-''-',  J  ^,'^  [,,/::r. 
comiitioMs,  the  nMH.nni  tif  add..!  nit  .o^m .  :ib -."mt  "M""-;  '  '  '  T.  '  m.  t-  ,t 
an(!thetvpeofllies(.,.-Mid,.eriodiri1y<.tnaMtall.1o<.etlMTv,i11:1hrN.,>   ..niMirtant 

fact  01  ileoth  and  t\  pc  of  .-ub>oi!. 

InthepiTsent  oN,)<M-iinenl  t ho  sitrnificnnt  fmd  is  thai  the  (lisapI)e^I•- 
anre  of  nitrie  nitmu^on  is  ^v.ut.v  in  nil  the  (.ylnn  ers  nin^er  ^-^'^tiva    o 
to  which  lui.icrnl  nitm-en  wns  ndded   thnn   under  the  oorresixuuhno: 
cvliiulers  under  sod.  ,.,,. 

^.ONMTin.'   NITKOOKN 

The  nonnitrie  nitroiren  (T.n  ists  of  (1  )  tntfo-enous  oiynnie  mnteml 
polentiallv  ''nvnih.hle"  l)ut  n<d  yet  decomposed;  Ti)  the  ,iu  nus 
nitroiren("hMrnrteri/ed  hv  niarK(Ml  stahility;  CV)  the  nit  ro-e.i  svnt  ( - 
sizedhy  the  niiero-orzanisins;  <A)  ammonia  nitro.j:en  absorbed  hy  the 

coll()i(hd  soil  complex.  ,  .  ,  .  4     4 1  ,. 

The  apparent  -ain  or  loss  in  integral  numl)ers  with  respect   O  th 
nonnitrie  nitroovn   is  <riven   in   table  7.     The  M-nuitities  ol   mtro<ren 
shown  in  line  -\\  that  is,  the  amount  of  nitn.-en  absorbed  by  the  tie(  s 
from  sources  other  than  the  nitro<ren  added  as  \aN()3,  were  ob.auud 

•MAflNTiRE,  \V.  U.     Private  corrimiiiiicalioti. 
*  MacIntirk,  \V.  II.     See  foot  nolo  6. 
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'  •  „  ti,o  nnnntities  of  nitroseri  absorbed  by  corresponding  treat- 
by  using  the  ^''^'^''Yh^^^' "':„,^,,a Jed  For  example,  the  amount  of 
monts  to  which  no  f  .'^S' "  ^j^ "'  ^f  ^^  .^.j  ,,.„,„  Sources  other  than 
nitro^ren  f^bsorbed  by  the  NPK  Uee  m  ^^^^^._^^^^  ^.^^^^^^^^ 

letwe^rthSTuaiUity  and  t?.:J  absorbed  by  the  PK  tree  also  growing 
betwet  n  tius  quai      J-  ^^j^^^^  ^^^^^        pretention 

in  sod.     l"or  'easons  alruiuy  „«  resent  analysis  thev  serve 

t7«iX-P0-s  o  furnish  a  picLrc  of  the  changes  in  non- 
niLienCger.  of  th^ original  soil  as  a  result  of  the  various  treatments 
under  the  Uvo  culture  systems. 


TahM'^  7 


C, 


(un 


„,   /.s,.    (<,ranis)    of  nonnitric   ullrogm  from    whole  depth  o/  ,.,[ 
\o  /ol>'  lurhrs)  hy  the  end  of  the  expenmcnt 


Item 


<n  Nonnitric  N  before  experiment      

<2)  Nonnitric  N  at  end  of  experiment 

/ON     «„t,,„i  loco  nr  fToin  hv  soil    

(4)  k'^absorbed  per  tree  from  sources  other 

than  the  added  NaNOs— ---;--  -- 

(5)  Apparent  total  loss  or  gam  durmg  the 

6H  years  of  the  experiment -  -  - 


Sod 


I'K 

1 
NI'K     i 

2,  020.  2 
1,918.5 
-101.7 

M' 

2,  020.  2 
1,916.6 
-103.6 

NK      1 

N 

2,  020.  2 

1,941.9 

-78.3 

2, 020.  2 
1,941.4 

-78.8 

2,020.2 

1,9'22.1 

-98.1 

57.0 

57.0 

49.9 

37.4 

37.4 

-21.3 

-44.7 

-53.7 

-41.4 

-60.7 

Item 


Check 


Cultivation 


(1)  Nonnitric  N  before  experiment .  - 

(2)  Nonnitric  N  at  end  of  experiment 

(3)  Actual  loss  or  gain  by  soil --- 

(4)  N  absorbed  i)er  tree  from  sources  other 

thantheadded  NaNO^---   --.-  - 

(5)  \i)parent  total  loss  or  gam  during  Uie 

fii."  years  of  the  pxperinient. 


2,  020.  2 
1,908.3 
-111.9 

53.5 

-58.  4 


2,  020.  2 
1,950.6  I 
-69.  7  ! 

i 

63.  4 
-6.3 


2,  020.  2 
2,  0'28.  1 
+7.9  I 

63.4  I 

+71.3  ! 


NP 


2,  020.  2 

2.014,7 

-.5.  5 

77.1 

4-71.6 


NK 


2,  020.  2 

2.  020.  5 

+.3 


2,020,2 

1,970,5 
-49.6 


,-)3.  5 
-53.  8 


.t3,5 
t3,J 


May 


;;;,rt,.i: '  ..iriln  l',v'e";;:lin.red  from  ;b;;;;:-x^:s;^s£ 
wt^s:'i..£t'':  :s'e;r 

1  e.  to  conte.rt  of  nitrogen,  ,,lH.s,»h.M-us,  an.  l^t''«^/""V  '  h  « 
1  i'el  n  the  cviindcrs  bHore  tl,e  ^^V^^Y'''"^  ''^"'\-r'''!fh^^ 
oViste.l  diflVrenres  in  respect  to  the  i.hys.cal  c.m.ht  o,  ♦!  'tj«™ 
mech  le  a  definite  and  nnqunliiie.l  interpretation  of  ^^^  ''^47;;^ 
oiisthig  witli  respect  to  the  ..ondition  ol  the  nitrogen  un.ler  sod  »nfl 

cultivation .     Three  exphmations  nu.y  be  r.<'^:^'|\'t;  nncro-organisnis. 
,1)  Assimilation  of  nitrogen  added  as  NaNOa  b>  "  '"^g*"    „. 

But  the  diilicuhy  lies  in  explaining  why  "^-'y''''\t'''"  ^  ^'^<^'f,,X^^^^^ 
,.un-ed  in  the  ,-yli.ulers  under  .•ul  ivatinn  ''/j'  .'';'".  f^.^^  X/ential 
Carb<Mi  dioxide  ...•cumulation  under  grass  /;^)  ''">''',,  .f'''p  a„d 
factor.  Some  nitroL'cn  would  appear  to  have  been  '  <  'f  f  7,„, 
mol,ili/.ed  m  the  surfa.-e  soil  by  t^e  grass  roots  in  us  d^J^^^^^^ 
inasmu.-li  as  the  nuantity  of  nitrogen  (as  total  and  mmnitn.  nitrog 
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,  .1 .  .nrface  soit  is  higher  in  all  cases  under  grass  than  muler  cultn  a- 
'.'*'"  tt.e   result^  for  the  whole  deptli  (0  to  r.Z  inches)  sbow 

r.ii    ex,    nation  is  insuflh'ient  t.,  account  for  the  entire  <li  II  er- 
*",    irthe  !!'n '.m'!t  of  nitrogen  in  corresponding  <-ylinders  in  the  two 

''m  The  i)ei)tizatiou  of  mtn-enous  oi-miic  material  hy  TSaNOa  in 
,J-  i    hS  suhseciuent  hMU•hhl<.^     Han  pan  lornia  u.n  was 

^t;      L   n(>  ieeal>le  in  the  nitn.gen-treated  eyhndeiv  under  eu    i- 
Simi      (Va(-ks  and  lissures,  thereh>re,  may  have  assisted  the  doNsn- 

^'':;^/Tiu'''l^-ilei'    root   system    m.der   mhivalion.     Ex<-ept   m    one 
^•"v  Mv^^'ie   KK.t  ^vstems  were  hiiyer  in   the  trees  -rowi.   m.der 

[^|]',,:^',,..      Th(-   xM'i-lit.  (.f   the   n.ol    systems. n^  -iv.'ii  m    tnl^le   S. 

,,     ,  ,   .        ir<  w;/./.    in  .jnnns  .'  Ih    resprrUrr  mu!  systems  ut  soils  tn  sod  and  ,nnUr 
^'•'''  ■•     ■  ■  "  cdtuotioii 


f^,n(iition 


Check 


i'Fv 


NI'K 


Sod.- 
Culliv 


9,  U.'iO 
10,  H70 


s,  :v2.s 

10,  W*5 


l.S,  04(1 
12,395 


NP 


\  K 


12.7:50 
13,075 


N 


11,0',I0 
11,700 


10,366 
12,  275 


Tlu.  lu.'her  niln.gcn  content  <.f  the  soil  under  •■ultivat.on  may  have 
!  e  tV  .  .  ughcd-olV  portions  of  fibrous  roots  that  nnght  have  been 
tX^vZ-A  \^^^\^':-  ^"il  i"  the  process  of  j.rcp.natu.n  hu-  analysis. 

'  i     extc  sive  literature  of  the  rr<,blem  <.i   the  mmerahzation  o 
nit  teii    ( he  soil  has  been  rcviesve.l  by  Len.oigne  (5),  I'V''"  (';);'"?;! 
u"k:„mi   (;7).     The  results  presented  in  this  paper  suggest  the  <lesir- 
ab'ility  of  further  investigation  of  the  problem. 

SUMMARY 

The  distribuli.m  of  tutal  uitiogcn  an<l  also  (,f  the  nitric  and  nonnitric 
Irittn  in  luee  l.ori/ons,  viz,  (•  to  7  inches  7  to  -1  m-hes,  and  2  to 
Mm  hes  o  a  Hagerstown  .'lay  loam  sod  ,-..nt»med  111  .■yhnders 
lael  to  1.  le  t^ees  and  treated  with  different  .■ombi,:.atu,ns  of 
Sm  mtrate!  monocalcium  ph<,sphate,  ami  potassium  sulphate  are 
(rivpn  in  nereentaffe  and  in  ahsohite  amounts.  .,        i  i 

Tan  t  e  tl  e  .?s  tlic  total  nitrogen  of  the  surfa.'e  soil  umler  sod  was 
so  eX  greater  than  under  cultivation.  In  -^  -b-'  "I- ^£ 
differences  in  t,.tal  .dtrogen  were  small  except  in  'be  1  e  k  <>  "'"^ 
under  so.l,  in  which  it  was  less  than  under  tillage  I",'  *  ;"*'",*; 
ttie  total  nitrogen  of  the  subsoil  was  greater  m  'b  '  > J  "bMs  1  nd  , 
caltivation  than  in  the  corresponding  cvlmders  '""•f  !;';'•     /'  ^ 

whole  depth  (0  to  5H  iiH'hes),  the  total  nitrogen  at  tbc     n,      f  tl  e 
experiment  was  greater  in   all  <ylm,lers    under   cultn  ation    than    in 

those  under  sod.  ^  .    ,     -x  \\   ^  i...w.i. li^rr    onrl 

The  disa,.pearance  of  nitrogen  (as  tx^tal  n.  rogen      '>  j'^',  b  'f '  "'  f 
possibly  as  gaseous  nitrogen,  was  greater  under  so.l  than  un.lei  .  ulti 

vation  in  aU  eases.  .  i       i^  •        ,   .i,,Jn,J  fliuf 

Tlie  ni..ven,ent  of  nitri.^  nitr.,gen  is  .liscussed.     It  is  .■.,n.  Imle.l  that 

leacfiiug  of  nitrates  fr.mi  this  heavy  s.nl  was  n.,t  very  '■"i>"t- 
The  disappearance  .,f  nitric  n.tr.Mgen,  when  "^.'■'""'t  bas    en  t  ku 

ol  the  nitri.'  nitrogen  absorbe.l  hy  the  trees  enmvalent      Jbat  ad   ed 

asXa\()3,  was  greater  in  all  nitrate.l  .-yhn.lers  un.ler  .-ultivaM.M.  than 
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7.  y.\nv^  nndor  sod      This  difrerence  is  accounted 

S^ldl'culUvatU,.  but  not  ;;?^that  ..nder  sod.^^^^       ^^^^^^^^  ^^_^  ^^^^  ^^^.^  ^ 

a  feS^^f^^'uS^^^^^^^^^^^  '-"  ^"""^  ^'^^^"^  ""  '"^  '■'' 

7-iiich  or  0-  to  21-inch  depths. 
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Will,    i1m"    ivcn-nnKU!    ..!"    vil;nui!!->    I',   .iii'l    C    ;i-,  ^.'|  wi  r;il  r   .Militir^.    ii    ii;is 
;„,,,„„,.   i),.n'ss;tFy   !..   re  rv;ili.ii1.'   uiih-li   -f   111-'    pivvHuis   work    iv-ar.litiL'-   !li«' 

.l„.,.,„.,>lili)llll\     nf    Ihr    Mt;il!llll     1'.    .'onipN'X  I'' I  1  Tl  i  I  r  fl  1 1  nl', ',     tlir    !ll.-lil.Mi^     l-l" 

.|„.  l,iolo--u-al  iLssjiy  of  vilaiiiitis  W  ainl  C  have  Ixtii  imhI.m-oiii-  inipn.v.'- 
„HMit  and  ivfiiicincnt  with  ill.'  result  thai  many  of  the  rcr.Mit  ivs.-ar.-lM's  .)n 
tl).>  vitamin  Ii  and  0  content  ol'  cow's  milk  liave  siiown  lack  of  uniformity, 
..winii-  to  ditlVrcnccs  in  tccdiniciuc  and  in  stan«hn-ds  of  hiolo-i-ical  response 
used  by  ditl'erent  i-esearcdi  workers. 

Ay'kroyd  and  Koscoe  '  1) ,  nsin<^^  (winten  cow's  milk  as  the  sole  source 
of  vitamin  0.  reported  that  an  intake  of  :i  to  11  mis.  ((hiily)  i)ro(hiced  <j:ains 
of  I)  and  VI  ••■rams  pei-  week  (  resp.'ct  ively  i  durin-:-  a  four  we(dv  curative 
period  wiiile  Hunt  and  Krauss  ( 1> )  ohs.-rved  that  o  mis.  of  milk  were  nece.s- 
>ary  to  furnisli  sufficient  vitamin  (J  to  pro(hice  a  weekly  --ain  in  wei-riit  of 
7  to  11  <rrams.  Samuels  and  Koch  (  3  i  .state  that  ^o  mis.  of  milk  were  m'ccs- 
^ary  to  produce  optimal  ^-rowth  wlien  used  as  the  sole  source  of  vitamin  P.. 
wiiile  17  to  -0  mis.  were  riMjuired  to  furnish  sufficient  vitamin  (i.  Tod- 
Ininter  (4)  found  that  !>.:{  mis.  jx'r  week  of  i)asteurized  milk  furnished  suffi 
citMit  vitamin  (v  to  produce  a  <rain  of  :i  -"rams  |)ei-  w-ek  (hirin--  an  ei-ht  week 
,'Xj)erimental  jx-riod.  Krauss,  Erh,  and  Washburn  (o)  state  that  about  'io 
p<M-  cent  of  the  oi-i-inal  vitamin  P.  in  milk  is  destroyed  (hirin--  ordinai-y 
pasteurization  but  that  vitamin  (i  is  thermostable  undei-  these  c.uiditions. 
These  writei-s  found  that  T.o  mis.  of  cow's  milk  were  necessai-y  to  furnish 
one  Shci-uian  unit  of  vitamin  li,  while  one  unit  of  vitamin  0  was  fui-nish<Ml 

l)y  .-)  nils,  (d'  the  same  milk.      Ma.d d,  liro.iie.  and  Mahdoon   (bi    reported 

that  they  found  that  the  vitamin  li  and  the  vitamin  (J  content  <.f  milk 
tended  to  remain  faii'ly  constant  lhroii<rhout  the  year  and  that  lh.'  avera-v 
n.ntent  of  vitamins  P>  and  (i  was  0.1  an. M).:'.  units  (  ivspect  i  vely  i    per  -ram 

nf  milk. 

The  stu.li.'s  rep.uMi'.l  in  tlu'  j)ivsent  pap.'r  wei-e  initial. '.1  with  th.'  hop.* 
<tf  ohtainiu"'-  further  informati.m  r.'izar.liii'i'  the  vitamin  P.  ami  vitamin  (i 
content  .)f  milk  obtain.'.!  fr.)m  c..u>  fe,l  un.i.'r  caivfully  controll.'.l  .'on.h- 
tionsan.l  to  stu.l\-  the  t  h.'rmostal)ility  of  lli.vse  vitamins  when  subjected  1.> 
various  methods  of  j)ast(Miri/.at  i.»n. 

RtN'oivcd    for    puMiciirKOi    I''(4)ru;nv   21,    ll>.;}. 

•Put)li(':.tion    authorized    l)y   the    Dirctor   of    tlu-    Prnnsvlvama    A^rnnilt  nr.d    l.xpen 
'ti-'iit  Stntion    PchruMrv    1!»,   IIK'.I,  as  TtM-Imic-d   P.iper    Xo.   >l.lil. 

4.')") 


456 


K.  A. 


DUTCHEK,  N.   R.  (JUEHHANT,  J.  (J.   MCKELVKY 


EXPEK I  MENTAL 


VITAMINS  B   AND  (! 


4r)7 


The  preparation,  composition,  and  handlin,^  of  the  basal  diet  used 
tliroughont  this  investi,^ation  were  tjie  same  as  tliat  reported  in  a  previous 
piiblieation   from  this  laboratory    (7). 

'  The  vitanfm  supphMuent  .as  prepared  by  pereoh.tin,  ae.d.ied  e.unnHM-- 
^.i^,,  ,„,,,  ,i,,,l„l  (T,  Hds.oi^.m.MM.lrat.dlUMp.rlit.rotah-ohon  tl.rou,!, 
,,,,,,M;,,v.m-s  v.ast  ns  Inn,  .s  any  ...Inr  was  n.M.nvod  rnnu  ,lH.  y.as,  hy 
this  solvent  Tl>.  pem.latr  was  .-onr.ntraled  nnd.-r  dinnn.sluMl  piTssu.v 
„„,,  ,t  posM..s..dnu..onslsn.n.yoratl.H.ksyrup.  Th.  n.no>n1  ratM  .x- 
t,,.t  was.nuh.d.  pla.nl  m  a  s,,.a  rat  n,,v  funnH  and.  att.T  hnn.'  .hlum, 
,vith  oned.alf  its  volume  of  distilled  water,  was  shaken  w.th  thnv  s..,..n.l. 
portions  of  ethvl  ether  in  order  to  remove  the  fatty  materials.         h>  tat-  n. 

%..j.„,..  ..,..;n   .nn.Pntrat^Ml   under  diminished  pressure  until  1  ml.  of 

this'l^ineentnde  represented  the  extraet  from  approxiniately  20  <rnnns  of 
veast  The  excess  acid  uas  partially  neutralized  (pll  ot  approximately 
5  0)  bv  carefullv  adding  small  (piantities  of  a  10  per  cent  solution  ot  sodium 
hvdroxide  The  concentrate  was  tlien  diluted  witli  alcohol  to  such  a  volume 
that  0  1  ml  of  the  resultin^^  solution  represented  1  -ram  of  the  ori^nnal 
veast  This  extract  was  maintained  at  a  sub-zero  temperature  t-^'  |^venty- 
four  hours  after  which  it  was  rapidly  filtered  throun^h  a  sma  I  Buchner 
funnel  bv  means  of  suction,  and  preserved  in  a  refrio-.rator  until  used. 

The  vitamin  (i  supplement  was  prepared  fnmi  dried  baker  s  yeast  b} 
moistening  the  veast  with  a  saturated  solution  of  sodium  bicarbonate  miti 
a  sli-htlv^alkaline  product  resulted.     The  alkalinize<l  yeast  was  autoclave 
for  six  Imurs  at  10  pounds  pressure,  after  which  it  was  dried  and  pulverized. 
The   milk  used   throughout   the   invest i^^at  ion    was  purchased   i  rom  the 
.olle-e  creamerv.      It  was  produced  by  the  colh-e  lierd  and  was  ot  '  m- 
tified^"  -rade     'tIic  college   herd   received   a   uniform  diet   composed  .da 
,omph.x\n-ain   mixture.   sup,>lemented  by  alfalfa   hay,   ensilajre  and  salt. 
The  (niantitv  of  jrrain-mixture  fed  to  each  cow  was  ])roi)ortional  to  the  bod) 
w.i^d.t  of  the  animal  and  t..  the  amount  of  milk  produced,  while  each  co. 
nn-eived  ei^dit   pounds  of  alfalfa   hay  and   twenty-two   pounds  ot   ensilage 
dailv      The  milk  was  produced   under  the  most   favorable  sanitary  comli- 
tionV  an<l  was  cooled  to  a  temperature  of  'M'.  tn  40^   V.  imim-diately  alter 
n.ilkim^      The  raw  milk  was  tested  for  its  vitamin  H  and  vitamin  (.  indm} 
a.  prndu.-ed  and  a.^ain  after  each  of  four  ditTeiviit   heat   treatments.      ILe 
four  diftVrent  heat  treatments  employed  were  as  folh.ws  :  (  D  ordinary  pas- 
TMHi/ation.   (Hi   pastourizati.m  under  reduced  pressure,    (111)   pasteunza- 
rion  with  aerati(m.  and  (IV)  by  boilin-  for  ten  minutes. 
.        h,   the   tirst   method    (D    of   pasteurization   the   milk   was  placed  m  a 
Frl^-nn.ev.r  flask  and  .stoppered   with   a  one-hole   rubber  stoi)i)er,  throu?n 
..  ,  :.i  pn.i.eted  a  thermometer.     The  flask  of  milk  was  placed  in  a  water- 


bath  and  the  temperature  of  the  milk  was  raised  to  62-(;3°  C.  and  main- 
tained at  this  temperature  for  thirty  minutes. 

The  second  method  (II)  was  very  similar  to  the  first  except  that  a  two- 
],ole  stopper  conlainin-  a  thermometer  and  a  -lass  stopcock  was  used. 
AVhen  the  temi)erature  of  the  milk  had  reached  (i'i-Oir  C,  the  stopcock  was 
,„nnected  to  a  water  pump  and  the  pressure  in  the  flask  was  reduced  until 
^,,,  ,„,lk  be-an  to  boil  suffieiently  to  fill  the  flask  wiih  froth.  The  stoproek 
was  then  elose.l  and  Hie  niilk  was  niamlained  at  this  leniperat  uiv  for  thirty 

jiiinutes. 

|„tiietliird  method  (111)  a  1  wodiole  stopper  eonlainin-  a  t  henn<. meter 
,„,i  a  urea  ae.'alion  tube  was  miployrd.  After  thr  milk  had  bem  h.-ated 
t„  a  temperature  of  (i2-(i;r  C,  the  aeration  tube  was  eonneeted  \n  a  water 
pump  and  the  flow  of  water  was  so  adjusted  that  a  steady  stream  (d'  air 
h.jhhles  was  drawn  throii-h  the  milk  during  the  thirty  minutes  pasteuriza- 
tion period. 

In  the  fourth  method  (IV)  of  pasteurization,  the  milk  was  placed  in  a 
round  bottomed  flask,  which  in  turn  was  connected  to  a  reflux  condenser. 
The  milk  was  heated  to  boiling  on  an  electric  hot  plate  and  was  maintained 
at  this  temperature  for  ten  minutes. 

P:«pial  portions  of  fresh  raw  milk  were  pasteurized  by  the  above  methods 
twice  weekly  (Tuesday  and  Saturday)  during  the  test  period.  Immedi- 
ately after  the  pasteurizing  treatment,  each  sample  of  milk  was  cooled  rap- 
idly by  means  of  cold  water,  and  was  stored  in  an  electric  nd'rigerator 
until  used.  A  corresi)on(ling  sample  of  untreated  milk  was  similarly  i)re- 
served  and  was  fed  as  a  positive  control. 

Hats  20  to  21  days  of  age  and  weighing  from  :in  to  4.')  grams  were  plaeed 
in  individual  metal  cages  provided  with   raised  screen   bottoms,   and   were 
fed   liberal    (piantities   of   the   basal    diet.     The   animals   were    weighed    at 
weekly  intervals,  at  which  time  records  were  made  of  food  consumi)tion  and 
])hysieal  condition.      After  the  animals  began  to  lose  weight   (usually  from 
12  to  20  days  after  being  placed  on  the  diet ).  they  were  divided  into  groups, 
care  being  taken  to  com|)ensate  so   far  as   i)ossil)le  for  both  sex  and   litter 
variations'".      At  this  time  the  basal  diet  of  each  animal,  excepting  that   of 
those  retained   as   negative   controls,   was   .sui)plemeiited   daily   by   definite 
(|uantities  of  milk,  (d'  tiie  vitamin  U  concentrate  or  of  the  vitamin  (i  frac- 
tion, either  alone  or  in  some  definite  combination.      Each  supplement  to  the 
basal  diet  was  fed  daily  in  separate  containers  for  a  i)erio(l  of  at   least  six 
weeks,  unless  the  test  animal  died  previous  to  the  comi)letion  of  the  exi)eri- 

nient. 

The  first  ])art  of  the  invest igati(.n  was  restricted  to  testing  the  vitamin  B 
concentrate,  the  vitamin  (J  fraction,  and  the  raw  milk  for  their  vitamin  li 
complex  potency.  To  do  this,  a  total  of  'M\  depleted  animals  was  used.  Six 
of  these  animals  were  retained  on  the  unsui)plemented  basal  diet   to  serve 
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,„i|v  „f  ,h.    v.ri.ms  niilks,  ,»■  an.l  i„  ,„,nl.inMti,..>  with  tl,,-  v.t.uun  U  ,.,m,|  n,r.,t     ..n.l 

.■,;„„;„  ,;   rr:,.-tH,n.  r..s,,.....,v..|v.     -n,.  l(,.nK„.  n ,^.1  in,il«,„.s  .he  ,»e  h,„l  ,.f  1«.^- 

.li,,.,i „„.  h.tl.T  i„.U,..t..s  th,.  a..d„i,.,K,l  sup,l..n„.n,  :,.l.h..l,  .h-  "-">-  ■ "•"- 


:lu.M's  iiulicati's  the  luiiubcr  of  aiiinials  rciisidcrca. 
I  r  (»r(iinary  pastcuri/at ion 
II  r- pasteunzation  under  partial  vacinnn 
III  r_  aerated  wliile  ])a.steiiri/.ed 
IV  =  pasteurized   l)y  boiling  for    10   nnnute^ 
V  ::  unpasteurized 
\\  z  vitamin  B  concentrate 
(i  _:  vitamin  (1   fraction 


milk  tinsupi)U'- 


Tl.oso  <M-<)Ui)s  wliich  mM'ived  one  (»f  the  five  sainplos  of 
HHMiK'd  bv^.itlicr  llic  vitamin  P>  r..neent  rate  or  tlu"  vitamin  (J  fraction,  and 
^vl,lel,  si/rviv.d  a  s.v.n-Nve.k  rxprrimrntal  p^'rio,!.  wrr.  divided  into  two 
.roups  of  api.roximat.ly  ..pial  nnmher.  Tlu-  animals  of  <.io  ,Toup  wen- 
<nve„  in  additi.>n  lo  th.  nsnal  milk  supplenimt.  0.1  ml.  of  the  vitamin  1> 
eone.ntrate  dailv.  while  the  animals  of  tlu'  oHkt  ,M-..„p  received  0.:^  ^rams 
of  the  vitamin  (J  fraetion  daily.  Theso  extra  supplements  were  led  tor 
„,,,,  ,a<litional  weeks.  The  results  obtained  by  addin<.^  further  sup,>le- 
..ents  at  this  sta<re  of  the  invest  i,Mt  u.n  are  shown  by  the  extended  ^'rowth 
eurves  (broken  lines)   in  Chart  1\ 

niscrssiox 
While    the    experimental    data    here    presented    are    ('..mpile.l    from    the 


ree.u-ds  of  120  animals,  a  eonsiderably  lai-er  number  of  animals  was  uscm 
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the  investigation. 


These  data  are  representative  o 


1"  tliose  () 


■suit  of  three  sei 


ios  of  tests  earriec 


I  on 


at  ditferent   season 


btained  as  a 
s  of  the  y(nir. 


The  tirst  series  of  t<'.sts  was 
started  in  ()etol)er  an( 


t)(M.-\in  in  -June,  w 


h'de  the  seeonc 


were 


1  :Mareh,  respee 


I  and  tliird  series 


tivelv.     Sinee  tlie  responses  nuuu 


])v  (M»ri-('spondin 


<»•  ()' 


ron] 


)S  oi   < 


luinu 


lis  durin--  the  tliree  sei 


isons  wore  so  uoarly 


i(i»Mil  H-a 


j,^.  ,|.,l;,  liav.'  h.HMi   presented  m  a 


CO 


ini)osite  torni,  u 


sm 


u.  11 


\(>  rt'c 


irds   of   nlll\' 


M  »•-' 


('  a 


niliiais  w  !ii*-h 


I'cai' 


I'll    llin>l 


1    i\!)icaM\- 


roiii 


)s. 


li 


('(•nr(l>    <" 


cxpcr 


iiii'iilal  annuals  whir 


wcro  iiiiprd 


lirii-  rfspci 


'llV 


( I 


f    tli,.ir    vitaiuiii    sloi't's 


IK 


lldSC 


iiniiiials    wliic 


were 


pciMx'  <l('pi''M'i 
.iiown    I'l    li.iN' 


I't'SOl'l  '■( 


lo   aii\    <!•:- 


(Mfj-cc    oi 


en 


I'l" 


)liai:\'    ' 


uriir 


t'Sl 


rind    wcf'" 


na 


t,'d.      Kfforts  were   ina( 


Ic  to   nse  cxptMaiiicii 


t;,l   animals  of   api)!-'>\iiiia 


the  same  im 


tial  weio-ht  in  the  various  -roups  aiu 


1  (hirin<r  the  three  seric 


II!  i 


i'W 


S    O! 


■fo^'fQ 


tlie  S( 


A*,  lias  been  previous 


Iv  stated,  these 


luimals  were  ( 


listrihuted  anionu' 


'veral  «:roups  so  as 


p,  ..oinpensate  for  both  liTier  and  m-a  sui... 


•11 1  ( » >  >  w 


majority  of  the  anim 


^ds  wlneh  were  ]) 


,.^,.^.,1  ,„,  the  basal  diet,  for  tlie  deplc 


tion  ])erio( 


t:ai 


ned  from  .) 


to  S  <rrains  dnrnij 


Ihe  first  !)  to  U  days,  a 


tter 


whieh  their  W( 


i.»ht  beeame  sta 


tionarv.  and  in   many  eases  a  s 


li-ht 


loss    111 


\vei<rht  ensuec 


1.      It  wa^ 


found  to  be  undesirable  to  eo 


n 


tinue  the  depletion 


ore 


period  f<»r  ni 
taiieous  re-^row1 


than  2{)  to  21  days  becan 
hs  due  to  ('opropha<:-y,  w 


sc  o 


r  the  hijj^h  me 


idenee  of  spon- 


hiHi   is  frecpiently  praeticec 


I  and 


observed    amon^i'    ov^ 
(irowth   responses  ii 


(M--depleted   rats    rereivni 
lade  bv  sueli  animals  are   un 


basal    diet    of    this   tyi)e 


ridiable  as  indices 


o 


f  tl 


ic 


vitamin 


r,  or  the  vitamin  (J  i)oteney  o 


f  a  food  material. 


Ti 


H'    con 


trol    animals    which    receivec 


1    the    basal    diet    unsupplemen 


ted 


(C^irve 


1.  Chart  1  )  eon 


tinned  to  decline  in  wei 


•ht  and  a  majority  of  them 


were  ( 


h'ad  Ixdore  the  end  o 


1 


f  the  fourth  week  of  the  experimental   p 


erioc 


1. 


Some  manifestations  < 


)f  beriberi  were  usua 


llv  observed  in  eac 


h  case,  but  tin 


])a 


ralvtic  symi)toms  were  more 


pronounced  amon«r  those  am 


V1V»M 


1    the    lon«i-es 


t.    unless   such    anim 


als   were    jjract  iciii<r   so 


imals  which  snr- 
me    degree    ot 


CO 


]U*opl 


lau'v 


rhe  dei)leted  animals  which  receivec 


'1 
vitamin  C   fraction    (Curve 

the   tirst    two   weeks   in    w 


I  the  basal  diet  snpplcment.'d  by  th. 


2.  Chart  V)   made  a  s 


iliirlit    i-esjionse  in   «growlh 


diirinji 
sliowe( 


1  a  gradual  h»ss  in  wei 


hich   the   supi)lenient    was 
o-bt  until  the  end  of  the  experiim 


fed,   and   then 
lit.     Most  of 


tl 


icse   annua 


Is  showe.l    marked   paralytic   symi.t.m.s. 


es 


j)ecially   dnrni 


,_r   tl 


It' 


SIX 


th  week,  and  a  nnm 


b.M-  of  them  die<l  during  this  turn 


\nimals  receiviii 


(»• 


vitamin  !»  coiicen 
response   foi-  the 


the  basal  di<M.  sup|) 


lemen 


f  til 


a( 


itrate  (Chart   1.  (  urve  .^ ,  m 
eeks.  which   was 


iirst   three  w 


ted  by  daily  additions  ol  th 
le  a  slow  but  definite  gro 
followed  by  a  slight    loss  m 


wth 


wei 


oht  during  the  following  threc^  we( 


were    beginning    to    mam 


fest 


some    o 


■ks.      r>y  this  time  mos 
f    the    symptoms    usua 


t  of  the  animals 
llv    ascribed    to 


VI 


tamin  C  defici'Micy 
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Those  an 
1 


imals  which   j'eceive( 


I  the  basal   diet  snpplemen 


vitamin  1>  concen 


Irate  and  the  vitamin  (J  fraction  (Cni-ve 


ted  by  l)(»th  the 
4,  Chart  1  )  made 


an  { 


iverag<'  gam  in  weig 


ht  of  11  grams  per  week  during  the  six-week  per 


io( 


These  animals  appeared  norma 


1    in   all    respects   with    the  exception   of  th 


abnorma 


llv  drv  condition  ol   their  skm  an 


il  h 


air 


( 'urves 


V    1  to  V    S  ((diart   1  )  sIk.w  1 


I'CCC 


u--'  \af\in'j'  (jiiaiit  il  les 


()! 


un| 


he  u'rowlh  resj)onse  made  hy  animals 
l,Miri/,ed   iiidk  as  a  sui)!)lement   to 


)as 


!  di.'t 


M'    I 


■(■s|)crl  IXC 


All 


iianl  11  It'-  ol   Ml 
KiULili    I    or    "J    nd 


C(  1    ( 


\\  cl'c 


1 1 1 (•  1 1 


lai   cliec 


on 


:)asal  ilicl 


< !  a  1 


II  iiiiais  w  hirh 


1 


1 1 ;  i  I 


I,  I 


>,  a  Ml 


s  mis. 


a    d<'tiiiile    -n|»pie- 


■('.■('l  N'Cl 


111 


rr.j 


M  r  1 1 1 1  \    mam 


I'd    •> 


\   111  pi  o!!|s    o 


W 


limi 


(iiiaiil  11  i!"s 


■  IIP 


( )  . ) 


p|,. 1,1, Mil    was  increas('( 

suited    throiighont    the   six-we 


ail\' 


a  I  rl  \'   nil  1 1  ol 


til   iiain    ill    WMLiht    r 


])eri 


o( 


and    none    o 


f   thi 


animals   showe. 


•  liaracteristic  symptoms  o 


f  vitamin   li  deficiency. 


While  still  irreater  daily 


,Ilotmems  of  milk   resulted   m   more  marked  growui    resp.uisr^  .mu 


I    I' 


1   U  I    t  I  I  <    I 


nera 


ini])rovements    in    the   ge 
that   a  growth   resjionse  simi: 


1    appearance   of   the   animals,    it    was   believed 
lar  to  that    produced   by  :i   mis.   of   milk  daily 


would  be  the  mos 


t  accurate  in  evaluating  the  vitamin 


li  and  lh(>  vitamin  ( 


c(»n1 


tent  of  milk  wlTudi  had  been  ])astenrized  Dy  an 


1  b 


V  one  of  tin,'  several  meth- 


0( 


Is  (1 


escri 


bed. 


V 


Curve  V   (diart  2)  shows  the  growth  response  made  by  a  larger  grouj) 

mis.  of  unpasteuri/ed  milk  as  a  su))- 

<»•»'  <>ain  of  4  grams 
fairlv  ihriftv  condition  throutzhout   the 


of  animals  which  reci 


ived   (dail\' 


I  to  1 


)e  in  a 


l,Muent  to  the  basal  diet.     These  animals  made  an  avera 
per  week,  and  appearec 
exj)erimen 
1 


t.      AVhen  the  basal  diet   was  furth.-r  supi)hMnent ed  by  either  tin 


vitamin  ]>  concen 


trat(>  or  the  vitamin  (!   fi-action.  m 


iddition  to  the  .'i  mis. 


.f  unf)asteuri/ed  milk,  turther  iirowth   resu 


th 


lt<Ml 


m   ea( 


h  ca 


se 


Cur 


ves 


V-B 


am 


I  y   (\),  but   the  vitamin    li  concentrate  exc( 


lied  the  vitamin  (i   fraction 


t   under  these  conditions. 


as  a  growth  |)roducing  supi)l<'men 

Curve  I    ((diart  IM  shows  the  -rowth  response  made  by  a  group 


o 


f  ani- 


mals receiving 


the  basal  diet  supi)lemen 


ted  dailv  bv  .'i  mis.  of  milk  past<Mir- 


i/.ed   bv   ordinary    i)asteurizat  ion 


Method    1 


Tl 


lese 


animals   showed    an 


average  \sn 
Additional  growt 
vitamin    li   concen 


in  of  api)roxima1ely  :i  lirams  p( 


r  we( 


■k  during  the  (>  week  ])erio(l. 


h  resulted  when  the  diet  was  further  supi)lem.Mited  by  the 
trate   and    by   the   vitamin   C    fraction    ((^irves    1    li   and 

'iitrate  excelled  in  supi)lem<'n1  ing 


!-(;).  but   here  again  the  vitamin   1»  conc( 


value 


(^irve  II  (Chart  2)  shows 


the  average  growth  resi)onse  made  by  a  tirouj) 


0 


f  n  animals  that  rectdvei 
ized   under  a   ])artial   vacuum 
11 
tl 


1   (daily)   -^  mis.  (d"  milk  which  had  been   pasteur- 


Method   in.      The   average   -z-rowth    rate    m 


us  case  w 
le  gains 


IS  less  than  l!./   grams  ])er  wee 


\A 


hi(di  is  considerably  less  than 


made   bv   those   animals   wliudi    recei 


ved    the   unpasteuri/ed   milk 


mi.ler  similar   conditions    ((airve   V).      When    calculated    on    the   basis   of 
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1  .„i  hpfni-p  and  after  pasteurization,  only  02  per 
growtl.  responses  l»':f"'=.'^'^-,'' .'.;"';.  ',  ..^a  ned  bv  the  millc  affr  being 
cent  of  the  original  vitannn  l^""-^.;;  ,;;,,,„„„■„  concentrate  prove,! 
pasteurized  in  tins  — '  J      '  '  ,^.,1:;   fed  u.  addition  to  tlu^  ndiU 

;:;;:;::,::Tr ^"Swbiie  add.ons  of  the  vita™^      - 

,„is  n,e,hod  n,nt,nns  I     .  '  '     "^        '  ,^,.  ,„„„,,,  ,,„,,  .„„„,,„,.  , „■ 

tu,.  usual  n.anncM  Method       ■  '  ,,„^,.,.^..„,    ,„    „„,,„   .,.,„..   „r 

- '^'"""^-      "'.''TT;       ,  -sons  M-U,..  year,, 

experinu.nlsearrn.,lond       ...  "  ^^^_^^^,  ^^^^^,_  ^^.,„...   „„„,„ 

*'r  ':^"'V'':;-  i':;-:;  a      a     ib     e  P  anation  for  the  apparent  destruetion 
therefore,  to  anive  at  a  piausio.        i  ^^ ^^    .   _^  ^^^^^^^^  ^^^^  ^|^,,^^^,_^ 

or  inaetivation  of  tl,ese  vitanuns.  out  no  uel -■-'--    ^    ,,estruetion 

w    •    ^1       If  <lnp<  not  seem  pi()l)Hl)U'  iiwn   sm  n  ui^nn 
from  the  data  ob  a,n  ,1.     It        s     o^    e    J  ,o„centration  of 

could  be  the  result  o    »';>   f  ';;';;,    .,,,' ,t  ,  .,  aissolved  .ases  while 

;;;:j;:^:—;;"r;:">base  of  the  problem  t,ud.e^ 

^'"'jH™;:ft;L:is  :;:c;rreeeived  U.  ....  tma  had  ....  aera,..,. 

,2:  L  ;:oeess  of  pa--'7- -';-  ^-tL^^^itz;: 

of  3.0  ^ms   per  ^^e(      ^^  ,oiiu)l<>x  had  taken  place,  tins  milk 

4^Ur,^     e^rvTYlfl     rlP<itril('tl01l      Ot      tie     \liainill      J*      VIMUJ/i 

ieentLle  I'roved  sli.htly  superior  as  a  .rowth  stin.ulator  under  th,.se 

•^"Iviirraw  nnlk,  which  ha.,  been  boded  for  It.  n.inutes  under  a  reflux 
condenser,  was  fed  to  a  .roup  of  ra.s  as  a  supplement  to  the  basa    . 

vasound  to  .utve  retained  t.u.  greater  portion  of  ,ts  or,;.Mna.  vda  nu 
was  lounii  u)  iv    i  M.-irt  ■>  i       1,,  fact    this  ndlk  appears  sli-.it.N 

eimiplex  content  (Curve  l\  .  t  liail  _i.     m  '■'<'■'  ".  t    ll  ,„■  111 

sup  rior  in  this  respect  to  ndlks  pasteurize,,  by  ether  M,.t.nH Is  T.  1     ,      I     ■ 
Those  .roups  of  animals  w.deh  re..eive,,  fur,h,M-  ,l,etary  supplements  .n  .. 

f,  r,:f  eiher  vitamin   U  coneentrate  „r  vitannn   (!   fraCon   .rew  at 
ceased  rate  (('urv,.s  IV-B  and  IV-.;  ,.     In  this  dietary  cmdnna  n,n  ,. 

vltamiirB   cmcentrate    prove,.    n,or,.    ...IVetiv,.    in    s.imu.a.u,.    a,b.,.,onal 

.rrowth  than  did  the  vitaini!!  (1   Tract loii.  . 

"     AVln'n  ,.ach  of  the  live  .roups  of  annuals  win...,  ha,,  .^eeu  r,.,.,.,v,„.  the 

five  different  mi.ks  as  the  sole  suppl,Mnent  to  the  diet  ((.r,n,ps  1,  IK  II. 

IV  and  V)  were  divid.M  at  th h.  ,.f  the  seventl,  expernnenta.  w,vk.  ,m, 

half  of  ea  b  «nmp  ..ein.  .iven  ,.ai.y  allotments  of  tin-  vdanun  I.  concen- 
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trate  and  tlie  other  half  of  eacli  j.^roup  heinc,'  <,nveM  the  vitamin  (I  fraction 
in  addition  to  the  usual  daily  allotment  of  the  resi)ective  milks,  some  inter- 
esting' crrowth  responses  were  observed  fsee  })roken  line  extensions  of  Curves 
I  IT?  UI,  IV  and  V).  At  this  sta^e  of  the  ex{)eriment,  the  vitamin  G 
supplement  i)roved  to  he  the  most  effective  n-rowth-stimulator  in  every  case. 
These  results  are  not  in  a^-reement  with  those  which  had  heiMi  obtained  by 
j.H'aiis  of  simihir  -roups  of  jinimnls  of  less  ninture  n-c,  durin-  the  preeedin- 
^v,M>ks,  r.ul  llif  (M.tisisl.'iifv  of  -rowlli-ti-eiias  in  ihis  fonniM-l  ion  is  MilVifienl 
at  1,'ast  to  su-'u-cs1  that  thr  rehtlive  vitamin  P>  and  vhamiii  C  ivipii  ivnients 
of  the  rat   vary  witli  vafiat  ions  in  sta'^v  tjl'  maturit^v. 

sr.M  M  AKV 

1.  Experiments  are  deseribed  in  which  raw  eei-tifi<'d  nnlk,  produced  by 
the  coUe^^e  dairy  herd,  was  fed  to  rats  with  and  without  suppleimuitation 
with  })otent  preparations  of  vitamins  H  and  u. 

2.  At  three  ditferent  i)eriods  durin<,'  the  year  these  experiments  were 
repeated,  at  which  times  the  raw  milk  was  past(nirized  by  four  methods, 
viz.,  (1)  ordinary  pasteurization  at  (JlMi.T  V.  for  30  minutes;  (2)  same  as 
(1)  exeept  that  pasteurization  was  conducted  under  reduced  pressure;  (3) 
same  as  (  1  )  excei)t  that  the  milk  was  aerated;  and  (4)  boiled  for  10  min- 
utes under  a  retiux  condenser. 

3.  The  pasteurized  milks  were  also  fed  to  rats  in  the  presence  and  in 
the  absence  of  potent  i)rei)arations  of  vitamins  P.  and  (r  and  comparisons 
were  nuide  with  raw  milk  from  which  the  i)asteurized  ndlks  were  made. 

4.  It  was  found  that  the  raw  nulk  contained  appreciable  (piantities  of 
vitamins  H  and  (1  and  that  3  mis.  i)er  day  were  sufticient  to  furnish  at 
least  one  Sherman  unit  of  eacli  of  the  vitamins. 

.').  It  was  found  that  vitamin  H  was  the  limitino;  factor  when  3  mis.  of 
raw  nnlk  were  fed  as  tlie  sole  source  of  vitamins  P>  and  (r  but  the  data  indi- 
cate that  the  H  potency  was  not  limited  to  the  extent  that  has  been  reported 
by  certain  invest  i<i"ators. 

(i.  It  was  observed  that  the  vitamin  P>  and  (J  potency  of  the  raw  milk 
was  remarkably  constant  throu^diout  the  year. 

7.  Three  separate  sets  of  experiments  showed  «rreater  loss  of  vitamin  1^ 
and  vitamin  (1  when  the  milk  was  i)asteurized  under  diminished  pressure. 
This  was  contrary   to   expeetations   and   will    be    investi<:ated    in   the   near 

future. 

H.  Some  loss  of  vitanuns  H  and  (J  occurred  in  all  methods  of  i)asteuri- 
zatioM  but  less  destruction  occui-riMl  when  milk  was  boiled  for  10  nnnutes 
under  a  reflux  eomlenscM'. 

n.  Altlioujih  the  maximum  destrmdion  of  either  vitamin  H  or  vitamin  (J, 
as  a  result  of  any  one  of  the  four  methods  of  pasteurization,  was  about  3,^ 
per  eent   (calculated  from  differences  in  ^rrowth  resjjonse).  tin*  destrucdion 
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Th 


e  convc'ii 


tional   method   of   deterniinini;   the   rachitic   condition 


ot  a  rat  h> 


1)V  cither  the  X-rav  or 


the  'Mine  test"  method  has  l)een  re- 


stricted primarily   to   an   exa 


mination   of   tlie   loii^er    l)()nes   o 


if   the 


rat's  1)()dy,  e>i)ecially  the  proxima 


1  end  of  the  tihia  or  (hstal  end  of 


the  femur.     Whil 
furnishes  a  re 


e  a  stn( 


Iv  of  tlie  structural  chan.<;es  in  such  hones 


liable  index  of  the  de.^ree  o 


f  rickets  manifested  hy  the 


animal  in  ([uestion,  a  comparison 


o 


f  X-rav  photo^n-aphs  of  the  whole 


i)()( 


Iv  of   such   anima 


k 


Iranicwork   uu^l; 
fcnun-  in  this  respect 


Is    indicated    that    other   hones   of    the   skeletal 

ver   the   tihia   and   the 


dit   offer    some   advantages   o 


T\ 


ns  appeare 


d  to  1 


le  espe 


ciallv  true  o 


Umv 


<  () 


f  the  tail.     This  pai 


ticular  hodv  structure  appeared  to  otter 


f  the 
tie 


1  zones  of  calcitication  w 


a  series  of  provi^iona 

l)v  either  the  X-rav  or  the  "line  te 


hich  could  l>e  studied 


;t"  method.     In   fact  the  tail  of 


I     the  rat  had  been   found  to  he  hoth  more  eas 


ilv  and  more  el 


Tectivelv 


X-raved  than  was  t 


he  le-  and,  in  addition,  it  afforded  possibilities  ot 


> 


removin*^  ])ortions  ()\  the  bony  se 
course  of  the  experimental  perioi 

tl- 


•  •men 


ts  for  "line  test"  durini,^  the 
1    without   serious  conseciuence  to 


thHiealth  and  well-bein.i;  ol   the  ex])ernnen 
bi  connection  with  another  investiL^atiou 


ital 
bein 


animal. 

ried  out  in  this 


<•"  car 


lahoratorv  in  which  a  lari-e  number  ot   raclnt 


ic  animals  were 


1: 


bein; 


ade  of  the  X-ray 


involved,  a  comparison  wa>  m 

findinus,  where  both  the  tibia  and  the  cau( 


and  the  "line  test' 


dal  bone>  were  consn 


lered, 


I     A  general  idea  of  the  comi)arative  resu 


Us  obtained  may  be  had  by 


\ 


"hservini;-   IMate^   1    and   2,   which   were  o 


l)tained    from   X-rays  autl 


I'uhiicalion    authorized    by    H'.'     Dirertor    o 


f    \ho    Beinisvlvnnia    A(,n-ieiiltural 


I'-xitcriniciit   Station    Mav   S, 


l<t;;4    as  Te(dinieal   Paper  No.  Cr)2 


Index  of  Ossification 


^ 


\ 

S 


Plate 
tyi)i(*:il  a 


1,   showing' 
iiinials,  each 


X-ray    ])li()t()Ki:> 


ihs 


„f    l,.,tl.    11>(-    tibia«^    and    the    tails  of 


.liir.'rciit    stagt"   (.f   (.ssifu-atioii 


Index  of  Ossification 

and  46  gm.  After  l)eing  on  the  rachito<renic  diet  for  21  clays,  ani- 
mal 0  wts  killed  as  a  nec^-ative  control,  while  the  4  remainin^^  animals 
received  one  unit  (A.D.M.A.)  of  vitamin  1)  daily  as  a  supplement 
to  the  rachito<;enic   (Het.      Animal    1    was   killed   on   the   31st   day, 

,'  innl  ^  nn  the  35th  dav.  animal  3  on  the  3Sth  dav  .'in<l  animal  4  on 

ilUllliiii    —  .  ...  -  til"  1 

the  42ml  day.  Animal  5  \\a-  taken  (hrertly  i  n.m  the  lireedm-  aA- 
,,nv  and  was  54  ilay>  ot  a-e  when  killed. 

'rhc  tihia  and  the  tail  were  reiimved  trom  the  dead  annual  anl 
preserved  in  a  SiV/^  aleohol-water  M.lutiuii  untd  the  desired  photo- 
graphs could  he  made,  i^^r  the  X-ray  photo-raphs,  the  6  tihiae 
and  the  6  tails  were  arranged  ahove  a  sin-lc  X-ray  photo^^raphic 
plate  and  X-rayed  snnuhaneuuMy.  loi  inc  uuc  i^.-t  ,...v^w..^...|..^  , 
the  bones  were  prepared  in  the  usual  maimer  and  individual  photo- 
graphs were  taken. 

Through  such  photographs  and  other  observations,  we  are  led  to 
Wieve  that  both  X-ray  and  ^dine  test"  made  of  the  caudal  bones 
of  the  rat  are  reliable  indices  of  the  degree  of  ossification.     Ihe 
caudal  bones  appear  to  olYer  some  advantages  over  the  tibia  or  the 
femur  in  certain  respects,  but  do  reciuire  greater  pains  in  the  prepa- 
ration for  'dine  testing"  than  does  either  the  tibia  or  the   lemur. 
Some  of  these  advantages  are:  (a)  the  caudal  bones  are  both  more 
easily  and  more  effectively  X-rayed,   (b)  the  caudal  bones  oifer  a 
series  of  zones  of  calcification  instead  of  a  single  zone,  and  (c)  the 
caudal  Ixjnes  offer  possibilities  of  removing  segments  lor  'dme  te^t 
:    during  the  pn^gress  of  the  experiment.     While  such  advantages  may 
:    l)e  important  considerations  in  certain  phases  of  research,  it  is  not 
j    suggested  that  the  caudal  bones  replace  the  tibia  or  the  lemur  in  the 
conventional  method  of  determining  the  state  of  ossitication. 
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III    ;i     pi-cxioiis    pJIpcr 


I'l-oin    lliis    Inhoi'jilory    (  Dutclier,    !^]ly 


\\\{\     I1<»1I<'\\V( 


11,   '27),  cxpcrmuMils  were  ( 


l('>cril)('(j   which   indi 


ulcd   Ih;i1    \-<\\>  <ii-('  ini.M 


1,1,.  t,,  ulili'/c  \ilaiiiiii    A   in   hullcr   tnt 


w 


I,,.,,  ii,,.  i..,|t("r  i^  dissolved  111  niiiici-n 


1  oil.      Al   tluMt    liiiM'  \vr 


CO 


iicludcd  lluil  ''miiicrnl  oil  in;»y  ;i( 


1  as  a  >olv('iit  loi-  vitainni 


A 


Ihcrchy   dcj 
xilamin. 


j^.plHiiiu   the    ill-cslcd    foods   of   Ihcir   supply   of   thi 


()ui-  liiidiims  were  in  general  a^re* 


iiieiil  with  tliose 


o 


f  liniTows  aiK 


1    KaiT   C'JT)    who   poslulale<l   that    niial)soi-l)ed 


1 1 1 1 II  ( 


,,.;d  oil  mi-Ill   act   as  a   solvent    lor  vilannn 


\   in   the  food 


mid  in  iIh'  mucosa  o 


f  ihe  diu'eslive  1  racl 


Sul»>e«pien1    experiiiieiils    Ml   our 


l;il)ora1or\    indicated   (pnle 


■IcarlN-    Ihat    the   ahoxc    •-:< 


iierali'/al  ion    wa: 


nol    applicaltle    1<> 


\ilaniiii 


A    ill   cod    liver   oil,   since 


the   laller    (in    niiiiera 


I    oil) 


^eeinec 


1    |(,    he    utili/JMl    more    elficien 


llv    than    hultei-    fat    when 


\\'{\    at     coiTcsponc 


r,,,o     l(>veU    and    under    similar    conditions 


lit 


icse    resu 


h>   >ul»>taiitiated   the  ohsiTvat  ion>   ol 


Moi 


le 


UIM 


CI 


irist  la nsoii 


Ol 


('•J!)),    who    descrihed    cxperinieiit  s    in    wliicn    a 

I  livei-  (»il  wa>  dissolved  in  olive 
rhcM'  authors  eonclmh'd 


luceiit  i-ate  prepared  from  ( 

1  and  in  mineral  oil,  i-e>pect  ively.      I  hoe  an 


•t.'.i 
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r  vitamin    A    Troiu  ( 


()(l   liver   oil    is   not 


blv  aflVctcd  by  tlie  pn 
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nee  ol  iiniu'>"a 


1  oil 


II,,.  „tilizalion  of  vitainni 


th  cod  liver  oil,  (*<>n( 
\    is   lowered   by    miner 


hided  that 
i\l   oil   only 


w  lini 

('Xpl-( 


ll 


!('     (MM 


1   hver 


ol 


1    is    Ted    al     V 


■hilivelv    low 


i('\-e 


SI 


le 


.('( 


1  \Uv  hclief  lli;H  nniM 


vi\\  ol!  ear 


he  ii-(m1  Willi  iiiipni! 


•,,•  ll,,.  viiamin  A  .'oiih-nt  o 
\rVi'-\  in  til''  hr(»hleiii  IV 


\-  \\\r  diet    'i-  ade(inal( 


Since  our 


;ih' 


-( » 


l,.lv  1..  Ilie  (lue-liou  ol"  tin'  nM- 


ol'   niinei'a 


1   oil   a>  a   v.'hieir 


(tr 


-o 


Ivciil    for   \i1ainin 


A    11 


It 


hiolo^iea 


1   a 


ssav   o 


I'    food   materia 


we 


l,a\('    |>nrpo>el>    con 


lined  our  vitamin 


A   intakes   to 


those   levels   whieh    won 


Id   1 


)e 


consH 


.la 


U>rcd  relatively  low. 

,Uson    (':>!)    HMH'ated    onr    expernm 


iits,    usin,!^    minima 


doses  o 


r  hutter  I'at,  and  eon( 


hided   that    miner 


1   oil   tends   to 


preven 


I    ll,,>   utilization    ol'   vitamin 


A    when    hutter    tat    aiK 


1 


miiH 


ral  oil  are 


n 


lixed  prior  to  in.i;* 


;tion,  hut   that   pra( 


ticall 


no  detrimen 


tal  et'feets  can  he  note( 


1  when  huttei-  I'at  and  mm 


cral  oil  are  a( 


hninistered  separately 


The  relatively   reeen 


t   di 


sco\'er\' 


(M 


oore 


piuineiit    carotene 


the    1 


)re( 


ui-sor    or    1 


vitamin 


;eeme( 


1    to    oiT<'i"    «*»    h<»^^' 


jippari 


ntlv    diverse    resu 


'2<),    ':)())    that    the 

)arent    siihstanee    ol' 

hie  Explanation    for    the 

■nted    hutter 


Its    obtained    with    i»i,unH 


t'at  and  non-pi,i;nien 


ted  cod  liver  oi 


1 


The  experiments  ( 
taken  to  determiiu 


h^scribed  in  the  present  pai.er  were  urn 


l<'r 


the  effeet   of  minera 


1  ^,\\  on  the  iitili'/ation 


of,  a)  pun 
(<)    a    vitamin 
ascertain,    if    1 


lied  carol(>ne,  b)  a  pi-ment-lre( 


CO( 


1  liver  oil,  am 


I, 


A    concentrate    prei>are( 


1    therelrom,    an 


)OSS 


ihle     the    ineehanism    w 


lu'i-ebv    minora 


:1     te 
1    oil 


owers 


the  vitamin  potency  o 


f  butter  fat 


The   rats  use( 


KXI'KinMKNTAL 

1  in  this  study  were  |) 


laced  on  exi)eriment   at 


21  davs  of  a.Lic,  a 


t   which  time  they  avera,-'e( 


I  about   40  -ui.   in 


wei 


oht.      All    animals    were   mam 


tained    m    im 


cau'e 


tl 


iroii! 


•hout   the  entire  cxpermie 


ital   1 


>erio( 


lividual    meta 
1.     The  caLier 


were   e(iuippe( 


1   with    false  bottoms  consistm-    o 


f   heavv    wire 


S( 


rceninu  containing  two  me 


;hes  to  the  inch, 


TV 


I'he  vitamin 


('AKOTKNK    AND     MINKKAL    ON 


A-fi'ee   ration  consisted   (in  |)arts   per 
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100)   of 


casein 


IS,  ai^ar  2,  dextrin  77,  aiK 


I   Mc(\)llum  and  Simmoiurs 


is:)   (  '17)   salt   mixture  :>. 
hcd  hv  dailv  allotments  (O.C)  -m.)  of  yeast   which  were 


no. 

nis 


;cparatel> 


Vitamins    \\  and   (1    wei'e   lur 


\'v 


om 


the    basal    ration    to    insure   a    constant    aiK 


1 


;inip 


1,.    -iippl\     (  lloii("\  well,    Dnicher    aii( 


1    Kl 


1 


o 


lesc 


\  ilalMMI: 

lamp  al 
K  rimrr. 
menial  period. 


)a'-ai   ra 


lion  \\a-  ii-|-adial»'<l   w  illi  a  cariion  arc 


■\  di:-l  aiict'  o 


f   IS  iiicho  f(»i-  20  miniiO' 


Dill 


clicr  aiK 


()    iii>iirc 


iiHiciciil    \ilamiii    \)    fni-    llic    cxpcri- 


All 


iiniTua 


Is   were  depleted   of   llH'ii'   vitamin 


A    1 


ocrxc 


iVediu-'  the  basal  diet  until  they  showed  evich'uce  ol  vitamin 
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Iclicieiicv,  i.e.,   by  the  appearance  ol    iiicipii-iil    a(  roiJmlwi 


I  4   I  I  •  I  I  >  V  I  I  •  I 


1  I  1  1  >  <  < 


or 


hv  loss  of  body  wei-ht.     At   this  i)oint   the  materials  to  be 

I   amounts    sei)arate    from    the 
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[\h\ 


ill    nieasure( 


hasal    ration    and    the    curative    perio( 
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was 


continued    for    .) 
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■  ks.      Kvidence   for   the   assim 
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f    carotene    or    vitamin    wa 


S      CO 


ijation   of   siinicieiit    amounts 
iisidered    satisfactory    when 


xerop 
orowtli    av( 


hthalmic   svmptoms  disappeared   and   when   the   rate  ol 

ra-ed    not    less   than   :'>   i;ni.    P*''"   \v^'<'l<   dui-in-   the 

consisted 

»s  which 


:)-week  curative   i)eriod.      Kach   exi)erimental    -rouj) 
,>r  at   least   live  rats  with  the  exception  of  a  few  -roiii 
^.,,„|.^i„,.^l  i,„t   three  or   four  individuals  per  ,-roui.,  owin-  to 


shortaiic  of  animals. 

The  vitamin  A  concent  ra 
hv  shmht  modilications  o 


tc  used  in  this  study  was  prepared 
f  the  method  of  Drumniond,  (Miannou 


aiK 


1  Coward  (  "2.'))  which  coiisi 


;te(l  essentiallv  of  sapomticat ion 


of  !)00  liin.  o 


f   CO( 


1  livei-  oil  with  alcoholic  potassium  hydroxide 


ex 


traction    of    the    unsai)oniliable    fraction    w 


itli    ether,    and 


tioii  of  the  ether  in  an  atmosphere  (► 


exapora 

(Miolesterol  was  remove( 


I  f 


roll!  the  \< 


■How 


f  carbon  dioxide, 
semi-solid  mass  by 


free/inii  out   in  met 

lion  of  \itamin  A  was  e\a 

dioxide   to  a   liuht    vellow   semi  so 


hvl  alcohol,  after  which  the  alcoholic  solu- 
j, orated  in  an  atmosphei-e  of  carbon 


lid   fraction.     This   Iraction, 


w 


hicli  weighed  ().')  uni.,  was  ( 


lissolved  in  co 


rn  oil  and  made  uj) 


to  a  volume  o 


r  jOO  ml.     One  cubic  mi 


lliliter  of  this  solution 


was  ajia 


in  dissolved   in  corn  o 


il  and  made  up  to  a  voIuuk 


o 


f 
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(),,_hair,nl.onhis  solution   was   t'ouna  to  rontain 

-^  -i       *•    vH-nnln      \      wlii^'li     is    (Miuivalent     to 

onr    Shcrniaii    unit    ol    \itaniin    a, 
'>()()()()()  Shrnnan  units  prroraniot  ronrrntratr. 
'',;,,  ,,vstallin.. arot.n.us^a   in   tins   study    was  also  .l.s 
..,       I   in-  .on.  oil   ana   all    l.vols  of  .arot.no   and   v.tannn    A 
,      ,      uMv    •HliuM..!    >o    that    all    ao^au<-    w.n'    iianiin 

;:::::;';;:;,;'::»..; .-- ■,.,>.,,:„..„- 

(M)i-n  oil. 

FIKST   SKIMKS   OK    KXrKWlMKNTS 

4     1  ♦',..-., .Ml-  i.vncrimi'ut s  with 

In  tho  lii-st  sorios  wo  n'lH'aoHl  w...   .^ •. 

,  •   .  r    1   Ml    iur»   IcvoN    V  '/.,  20  and  40  u\iX- 

buttor  fat,  w hirh  was  tod  at    two  l(\(i>,  m/^-, 


Cms 


1 

N 

Com,.      1      Cu.itM.l    fMou,.,    ■.■.,, vn,,;    t.,i  ,.1    cl,.t 

OTllV 

GT.aip      :i      Reuiv^cl   f,0(i   1,,,;     in.n.-i.a  oil 


("hnii     1 


.lailv      I.M.nU.i-l.,  pv.,v..lhMtth..  |.ivs,.n.-,.„l  .•or,M,,lhaann 

,H.„s      On,,  ol-  llu.s,.   (.roup  -J)    n.....iv..a  0...  n,l.   ol    ,-oruo,l 

,,„il,)   aurin,  llH.  .-uraliv,.   p.Tio.l.     A    ihinl  .-onlrol    .roup 

i.,,,i;.,a,,H.  basal  ai..lwilhaadili.>ns  or  .-...()  m..ol   nmuTal 

„il   (daily)   tlivouuhonl  ll...  ruraliv,.  ,.rrioa.      11.-  ivsulls  ol, 

taini'il  arc  suimiiari/.ca  in  cliail    1.  ..  .  ,. 

,„,„..,,,,.  ,„,|i,„i„at..lhr   |M,ssil,ilit.v   or   loss  ol    raroUMH.  Ol 

vitamin  A  bv  ,,ossil,l,.  oxi.laliv.  .•han,vs  .in,.  '"  "-  l"'  — "•" 
„r  oxi.lanis,  iwo  ol-  liH.  hnll.T  ral  ai.Ms  (t^ronps  b  a.ul  .1)  wn 
,,,,,tccl..a  by  lb..  anli-oxi,lant  by,lro,|uinonr,  ^^  lb,,  ivsulls  ,.1 
tbcs,.  |.N|ii.rini,.nls  ar,.  sinnniariy.,.,1  in  I'baii   2. 


Groups  10  to  20  inclusive  were  fed  the  basal  ration  supple- 
mented with  carotene  during  the  curative  period  to  establish 
the  potency  of  the  carotene  employed.  It  will  be  noted  (chart 
3)  that  2.5  Y  of  carotene  (daily)  were  equivalent  to  one  Sher- 
man unit. 

Chart  4  suinniarizes  the  data  obtained  when  various  levels 
of  carotene  were  fed  (luring-  tlio  curative  period  in  the  (.reseiice 
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Chart  2 

and  absence  of  varying  amounts  of  mineral  oil  and  in  the 
presence  and  absence  of  hydroquinone. 

Groups  23  to  28  inclusive  received  varying  daily  allotments 
of  cod  liver  oil  in  the  presence  and  absence  of  varying  amounts 
of  mineral  oil.    These  results  are  summarized  in  chart  5. 

Chart  6  shows  the  results  obtained  when  2  X  10"*'  mg.  of 
cod  liver  oil  concentrate  were  fed  in  the  presence  and  absence 
of  mineral  oil. 

Discussion-  of  results  obtained  in  first  series  of  experiments 
The  results  obtained  with  butter  fat  dissolved  in  mineral 
oil  are  in  general  agreement  with  those  previously  described 
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.    1     .97.  Tackson    '31).    It  is  clear  that,  mineral 
(Dutcher,  ct  al.,    27    Jackson         )  .^^  ^^  .^^otene  or 

°^1'  ^"  TorTolh  '  C  fact  that  hydroquinone   (chart  2) 
vitamin  A  or  bou  ^^.^^  ,^^^^1  seem  to  support 

did  "ot  prevent  th     ddcte  ^^  ^^^^.^.^^  .^  ^^^^  ^^^^, 

the  postulation  that  im  los^ 

to  the  presence  of  a  pro-oxidant  n.  mnu.uil  <..l. 
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Wrcki 


Cliart  3 


When  carotene  was  fed  as  the  sole  source  of  vitamin  - 
acIS  the  results  were  even  more  eonyincins   (cha  t  4 
men  Carotene  was  fed  in  daily  ^^^-^^^^V^  ,on     f  i^owi 
e.5.  of  mineral  oil  caused  -;^     /^f  .^Tin  exc'ess  of 
hTsTmlVun  t^rtuirlme:  (.roups  17,  18  and  10),  he«. 


growth  responses  were  obtained,  but  the  effect  of  the  small 
amount  of  mineral  oil  was  still  quite  marked  It  will  be 
Tted,  also,  that  the  presence  of  100  mg.  of  hydroquinone 
m  not  prevent  the  deleterious  effect  of  the  mineral  oil.  When 
the  dosage  of  carotene  was  increased  to  5  y,  growth  response 
,v,s  ,.xc..ll<.nt,  except  where  mineral  oil  was  added,  \yhen 
„;  excessive  anu.unt  of  mineral  oil   (2  ml.)   was  fed  daily  ,n 
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Chart  4 

the  presence  of  oy  of  carotene  (group  22),  all  animals  died 
^^^thin  a  period  of  2  weeks  with  the  usual  symptoms  of  vita- 

min  A  deficiency.  .  x      ^       i       i  ^4- 

When  cod  liver  oil  was  fed  daily  (chart  a)  at  a  level  ot 
0.6  mg.,  which  was  barely  sufficient  for  mamtenance  of  body 
weight,  there  was  some  evidence  that  vitamin  A  "^li^^tion 
was  lessened  by  the  presence  of  500  mg.  of  mineral  oil.  When 
the  dosage  of  cod  liver  oil  was  increased  to  1  ^^.{'\^^\y). 
which  was  sufficient  for  growth,  the  presence  of  oOO  mg.  ot 
mineral   oil   showed   no   visible    effect   on   growth    response 
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Chart  5 


\   r^r^nPOTiirnto  was  fed  at  a  level 
When  a  potent  vitamm  A  c""''"'^;  f^    ^    .     j,,,      -e^ence 
approximating  one  Sherman  umt     chart  (0  m  t       P 

and  absence  of  varying  !^°^°""\«  °5^™7  "'^' 
of  the  vitamin  A  utilization  could  be  "«  ^-i"  ^^^^i^ed 

It  would  appear,  therefore,  that  carotene  c^mnot  l^e  ^^ 

when  ingested  in  the  presence  ot  relatively  small  amo 


mineral  oil,  while  vitamin  A  (per  se)  is  utilized  quite 
pfficiently  when  fed  under  similar  conditions.  Since  hydro- 
auinone  had  no  tendency  to  improve  utilization  in  the  presence 
of  mineral  oil,  it  would  appear  that  the  lack  of  utilization  is 
not  due  to  oxidative  destruction,  which  was  postulated  by 

Oleott  and  Mattill   ('31). 

Ml  ..vi.l.T.ce  seems  to  support  the  theory  that  mineral  oil 
.obsesses  a  preferential  solubility  f.)r  carotene,  preven  ni^^ 
It.absoriition  l.v  removi,,^  it  in  soluii...,  from  the  di^M^stive 
tract  In  an  endeavor  to  obtain  a.lditional  evideiu'c  ni  su|i 
port  of  this  hypothesis,  a  second  series  of  experiments  was 
conducted. ___^ 

Croup  20  -  Received  2  x  10-«  mg.    vitamin    A 

concentrate 
Croup  30  -  Received  2  x  10"*  mf     vitamin    A 

concentrate    plus   2  5   mg    mineral 
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oil 

Croup  31 -Received   2x10""   mg     vitamin    A 

concentrate   plus   250   mg    mineral 


oil 


10 
gms 


Kv^ 


Chart  6 
THE  SECOND  SERIES  OF  EXPERIMENTS 

Prior  to   this  work  we  had  made   repeated   atteinpts   to 
separate  carotene  and  vitamin  A  from  feces  extracts  obtained 
from  rats  which  received  these  substances   in  mineral   oil, 
with  the  view  of  re-feeding  the  carotene  or  vitamin  A  thus 
obtained,  to  prove,  by  biological  response  methods,  that  these 
substances   are    actually   excreted    in   appreciable   amounts. 
None  of  these  attempts  yielded  satisfactory  intormation  owing 
to  our  inability  to  completely  remove  the  mineral  od  in  order 
that  it  might  not  again  vitiate  results  in  the  re-teeding  period 
Some  encouraging  data  were  obtained  by  adsorbing  extracts 
in  silica  gel  and  similar  adsorbants  and  by  subsequent  ex- 
traction of  the  adsorbant  with  various  solvents  (Zimmerman 
and  Lachat,  unpubl.  data).    None  of  these  experiments  was 
sufficiently  quantitative  for  our  purpose. 
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..        fo<l  to  solve  the  problem  by  feeding  vary'ing 
We  also  attempted  ^o  ^"^^^J^/^  concentrate  in  the  pres- 
amounts  of  carotene  and  ^  tamin  ^^^^  ^.^  ^^.^^ 

ence  and  absence  o-nera^o^^^^^^^^^^^       ^^  ^^^ 
as  in  series  1     These  te        .  ^^  ^^^^^  ^.^^^^.^,^,^  ^,^,„t,„, 

ivpe  in  which  the  d't^'V    ,■; L/tlu'  b<'i;-inuin,ir  of  tl...  .xpen- 
^;,,,  ,,,„,,  A  eoiK.enva^  ^  -llcctea   daily   ainl 

nieiit.     Feces  trou    those   ^     "  .^^  ,,,,,  U'stod  for 

preserved  -'f'V      mV"')     he    i-vU>ond    tintometer,   h)   a 
carotene   content    wim       '  solution  standarized  against 

colorimeter  using  ^^^^^^Zlt^e  color  measurements, 
pure  carotene,  c)  antimony  ^^^^^  ^^^^j^^  ^^^^^ 

and,  d)  by  ^Pec^scoP-  ---^^  „-„,  ,^,  feces  extracts 
inconclusive,  due  to  me  p  b  interfering-  substances. 

-".  »"  °"  "a^'dL"  by  n.  »  S»ttoo„%  „««„d. 

fr   ^blTataiymeihoa.,  that  our  vitamin  A  co.». 

r.  «s  i;ir«Sai  in «» -;:.<>*  r;":;!, a.,... 

for  corn  oil  and  repeatea  u         i^  ^ts  of  carotene,  vita- 

of  solvent  to  solute  <'^^'^''tJ^\ZlZman^ed  in  table  1. 

^n  A  ^-nce^'^f  ^^:^  ^;ZZrZvs  32,  33,  34  and  35. 

Feces  were  collected  dai  y  i™"    ^       *^    .-.        ^^ring  three 

These  were  preserved  under  pe  ro^um  ettier  ^^_^^^^^^.^, 

periods  of  10  days  each,    f^    */  f  ^^^j^^^  ^^^  extracted  with 
the  feces  were  ground  m  P^^^  oleum  ether  ^^^^^ 

this  solvent  until  no  more  *^°/°^/°"'^^^' ^^^  were  made  up 
P^traets  were  evaporated  nearly  to  dryness  ana  we 

::r:lnie  of  lO^ml.  with  ^f^^ZcoU.  of  the 
Color  values  were  obta^ed  ^J^^^Z^l^r^i^on  in  a  color- 
feces  extracts  with  a  standarci  <J""  ,.      ^j,j^  dichromate 

i^eter.    No  attempt  was  made  to  ^^^^^J^J'^'^J^t^.ested  pri- 
solution  in  terms  of  carotene,  ^^l^"^ ^^'J^'Z-M^m  existed 
marily  in  showing  whether  or  "ot  a  rough  paraHc 
between  increased  carotene  intake   and  increase 

excretion.  nifmient  excreted  during 

The  relative  amounts  of  yellow  P  &«»«J^  e 
the  increasing  carotene  intakes  in  the  first   lU  a  y  I 
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.p  indicated  graphically  in  chart  7.    Data  for  the  relative 

1  mt  o7  yeUow  pigment  excreted  during  the  second  and 

S  dices  lollectioii'periods  are  omitted,  sii.e  they  were 

practically  identical  with  those  obtained  during  the  first  lO-day 

period. 


TABLE    1 


(;ruup3L:  No.  of 
('uroteiie|     auimal 

'Amouiit  of 

I      solvcut_  .00    c-c.        .in     ce.       .lo     <•(•• 

No.  of 

1         !         '^  3 


.'.".    cc. 


Group  33 
r»rr\ivne 


animal 


inmin-    Amount  of 
eraloil  I     carotene 

JAmount  of 

j     solvent 

Group  34  INo.  of  j 

Aconcen-      animal  1 

trate  in    Amoimt  of  A  , 
ethyl     i     concentrate   .01    mg. 
laurate  JAinount  of 
'     solvent 

Group  35  No.  of 
Aconcen-,     animal 
trate  in    Amount  of  A 


.003  mg. 


.004  mg.    .00;")  mg.  ;  .006  mg. 

'  j 

.20    cc.    ,  .25^  t'c.    I  ^30  ^c^ 

4         1        5  6 

! 
.04    mg.    .05    mg.    .OC)    mg 


6 


.00    mg. 


trate  m    ivmouuu  v^w-.  ,  .- 

!                           i.        ♦^       A1  ,ncr           O'"*      mff        .3      mg.   1  .04      mg.       .OO      lllfe. 

mineral  j     concentrate   .01  mg.  i  ."-    mg-                &                      j 

oil       jAmount  of       ;  j                   '                      .                  .,-,    (.(.     |  ,30    cc. 

.0.1    cc.       .10    cc.      .15    cc.  ^^a»    t<_^ -.-ll^JjJ-J 


solvent 


In  addition  to  the  colorimetric  evidence  submitted  in  chart  7, 

two  feces  extracts  '  using  a  Konig-Martens  spec      i 
The  samples  used  were  extracts  from  groups  32  and  33  wMch 
received  6  y  of  carotene  in  ethyl  laurate  and  "'"^J^l  «^  '_ 
respectively.     The  values  obtained  for  -log.„  ofth«  trans 
mittancy  of  2  cm.  were  0.41  for  the  extrac    from  group  32 
and  1.49  for  group  33,  which,   according  to  the   graph  ot 

■The  writes  are  indebted   to   Dr.  L.   J.   Briggs.  «>;-«»»; »'^.;„\\,f:;'':^:e 
Standards.  Washington,  D.  C,  for  tl,e  spectro,,hotometnc  determ.nat.ona 

carotene  in  these  samples. 
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Schertz  ('23),  would  correspond  to  1  and  4  mg.  of  carotene 

^Kei^aZtl't  be  accepted  as  quantitative  due  to  the 
fact  that  Schertz'  measurements  were  made  on  carotene  d.- 


I 


Received    v.ityinR    amounts    ol 
civoune  in  ethyl  l.uiriile. 


Received    varvir.R    .imounti    of 
c:iri)tenr  m  mineral  oil 


Received  varying  amounts  of 
vilamin  A  concentrate  in  ethyl 
laurate. 


Received  varying  amounts  of 
vitamin  A  concentrate  in  mm- 
eral  oil. 


T  8 

Relative  amounts  of  carotene  and  vitamin  A  concentrate  f*d 


Chan  7     Showing  relative  intensity  of  feces  "^-t,   "hen   rats  received  ^i.^ 
creasing  amounts  of   carotene  and  vitam.n   A   concentrate   ,n    ,,thyl 
mineral  oil,  respectively. 
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solved  in  ether,  while  our  extracts  were  dissolved  in  chloro- 
0  m  It  is  also  certain  that  our  extracts  contained  mterf  ermg 
substances.  Since,  however,  the  feces  of  both  groups  of 
admals  were  extracted  under  ide.itical  conditions  it  wotild 
appear  that  the  spectropliotometric  data  support  the  conclu- 
Z  drawn  from  tlie  color  excretion  data,  vr/..,  that  the 
utilization  .,r  ..arolene  is  ,,r..v,.nted  by  beiu,^  ex.Tel.d  In.ni 
til,,  body  ill  the  unassimilated  mineral  oil. 

Disrussiiin  of  smuirl  scries  of  experiments 
The  question  as  to  the  mechanism  whereby  mineral  oil 
prevents  the  utilization  of  carotene  is  answered  in  the  second 
series  of  experiments.  Having  eliminated,  to  our  own  sa ab- 
action the  possibility  of  oxidative  destruction  of  carotene 
by  a  p  o-oxiLt  in  mineral  oil,  we  felt  that  the  detrimental 
effect  might  be  explained  by  a  lack  of  carotene  utilization 
due  to  loss  from  the  body  by  being  voided  in  the  unabsorbed 

"Thif  htiothesis  is  supported  by  data  obtained  when  the 
yellow  CO  or  was  determined  in  feces  from  rats  which  received 
Lcreasing  amounts  of  carotene  in  ethyl  laurate  m  the  prese-e 
and  absence  of  mineral  oil.    The  curve  of  P^g°^*^"  ^ef^^.f;;^! 
(group  33)  indicates  that  color  excretion  was  almost  m  d  '•e'.t 
proportion  to  the  amount  of  carotene  fed,  indicating  that  the 
utiUzation  of  carotene  was  almost  completely  P-ven  ed  by 
the  mineral  oil.    Spectrophotometric  determinations  o    caro- 
tene in  the  feces  extracts  also  supported  the  above  conclusiom 
This  was  indicated  also  in  the  growth  response  of  the  rats 
in  groups  32  and  33.    We  noted  also  that  the  growth  response 
in  the  ethyl  laurate  groups  was  somewhat  inferior  to  that 
obtained  in  the  corn  oil  groups.    This  has  been  observed  by 
other  workers. 
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CONCLUSIONS 

1    Onr  Di-evions  results,  showing  that  the  vitamin  A  potency 
of  butter  ETowered,  when  fed  at  low  levels  in  the  presence 

I?     -^..^r-oi  r»il  havp  been  confirmed. 
"^rXiill^^at  was  fed  at  higher  levels  jn  t^j;— ; 

of  relatively  s.nall  anu.unts  '''  "''"^^i;;  ^  ,  ^'  "  1 
effect  of  mineral  oil  was  less  marked,  <lltllou,^ll 

^'?  Thrvutnin  A  potency  of  cod  liver  oil  and  of  a  cod  live,- 
oii  con  e^t'ite  was'not  adversely  ^^f^^^^JZ^Z 
of  mineral  oil,  which  -douUedly  e.^^^^^^^ 

effects  of  -l^-^'^^f  ""[.t^^^^^^  due  undoubtedly 

:nrr  llefse^  w^uTo^y  a  part  of  the  potency  can  be 

'^f  Tt'LTrntreffect  of  mineral  oil  can  be  explained  o.. 

the'blsfs  ofTarotene  excretion  from  the  body  in  the  unab- 
orbed  mineral  oil.    This  hypothesis  is  -PP^f  ^.^^f/f^.f 
hat  yellow  pigment  excretion  (when  --eral  od^        ed- 

roughly  proportional  to  the  carotene  ingested.    This  i«  "«t  true 

lougiiji      f  f^j  :„  tViP  absence  of  mineral  od.     fepectro- 

t::::::ri:^r:^Z^  in  the  feces  extracts 

n^  r CoterlrlTvanced  that  the  hydrocarbons  ^ 
the  unassim'Led  mineral  oil  possess  a  greater  solvent  eff  c 
on  the  hydrocarbon  carotene  than  is  P«--.-^JfJf  ^p- 
of  the  intestinal  juices,  thereby  P'^^^^^^^^^/'^^fJ'rthe  1  S 
tion  of  carotene.  Conversely,  it  is  suggested  that  the  lP^J« 
ani  sterols  of  the  digestive  juices  possess  a  preferentia  ol- 
vent  effect  on  the  sterol  vitamin  A,  thereby  P^T  '"/^  ^  f;i 
tion  by  removing  this  vitamin  from  the  unassimdated  mineral 

oil. 
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EIGHT  FIGURES 

(Received  for  publication  March  19,  1934) 

A  previous  communication  from  this  laboratory  (Guerrant 
and  Butcher,  '33)  contained  data  which  suggested  that  the 
fiber  content  of  the  diet  might  have  a  marked  effect  on  the 
amount  of  vitamin  B  complex  required  by  the  rat.  A  review 
of  the  available  literature  at  that  time  revealed  that  other 
investigators  had  made  similar  observations  concerning  some 
of  the  other  constituents  of  the  basal  diets  commonly  em- 
ployed in  vitamin  B  and  vitamin  G  technics.  IVIost  of  these 
observations,  however,  had  been  made  in  connection  with  the 
protein  and  fat  content  of  the  diet. 

Drummond,  Crowden  and  Hill  ('22),  Reader  and  Drum- 
mond  ('25),  Hartwell  ('25),  Reader  and  Drummond  ('26), 
Hassen  and  Drummond  ( '27),  Sherman  and  Gloy  ( '27),  Hart- 
well  ('28)  and  Guha  ('31)  had  reported  observations  concern- 
ing various  relations  of  the  B  complex  vitamins  to  protein 
utilization.  The  role  played  by  fats  in  this  connection  had 
been  studied  by  Evans  and  Lepkovsky  ('28,  '29)  and  Guha 

('31). 

It  was  difficult  to  account  for  the  variations  m  tlie  conclu- 
sions drawn  by  the  above  investigators.    It  seemed  possible, 

» Publication   authorized   by  the   Director   of   the  Pennsylvania   Agricultural    Ex- 
periment Station,  March  15,  1934,  as  technical  paper  no.  642. 
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„,ents  were  condu<,ted.    ^^^    act  a^^,^.^^^  ^^^^^^^^  ^^  ^.^ 

variations  m  the  ^^"'"P"  ^^l         j,^  -r  ^,,a  vitamin  Cx  technics, 
fercnt  laboratories  m  tliei    ^  '<'^m"  J  ^  j.  variations  in 

l,a  ns  to  believe  that  a  s^oy  « M   «  «f  ^^^  ^^^^  ,,,  ,,,,„„ 
flip  oomposition  oi  tne  aiti  uu  m'^ 

jLvans  ana  uei-  -  „     Pruntv  and  Roscoe    (.  ^'«>). 

'^"^I    Lecoa   and  Savare    (  oo),  triumy   "  "  . 

rfd),  i-ecoq  Francis,  Smith  and  Mendel  (  33), 

Hogan  and  Pilcher  (  33),  ^ranm  Templeton 

Gregory  and  Drummond  ( '32) ,  and  by  i^atras  ana  i 

('33)  which  have  a  bearing  on  this  subject 
^  Th  data  herein  reported  give  some  «*  ^he  results  of  a 
series  of  experiments  carried  out  during  the  past  2  years 
n  an  effort  to  gain  some  insight  into  the  influence  of  the  com- 
posUion  of  the  diet  on  the  vitamin  B  and  the  vitamin  G 
requirement  of  the  growing  rat. 

EXPERIMENTAL 

The  general  plan  followed  was  to  feed  groups  of  rats  on 
dietsof  varied  composition,  but  deficient  in  both  vitamins  B 
and  G  untn  early  symptoms  of  vitamin  B  deficiency  appeared ; 
I'nltppTementTch  diets  with  daily  dosages  of  vitamin  B 

concentrate,   while   continuing   the    '-J^^'^'^'^Kll'l'^'^; 
weeks  until  some  manifestations  of  vitamin  G  d^fi^;^"^^  ^^ 
came  apparent,  at  which  time  further  supplementation  was 
effected  by  daily  additions  of  autoclaved  y^ast  and  the  am- 
mals  were  continued  under  observation  for  several  additional 

""  Bott  piebald  and  albino  rats  were  used  in  the  investigation^ 

These  animals  were  placed  on  experiment  in  groups  of  from 

5  to  12  animals  each,  care  being  taken  in  their  group  dis- 

.       tribution  in  order  to  minimize  both  litter  and  sex  variations. 
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ftroups  of  rats,  20  to  21  days  old  and  weighmg  39  to  46  gm. 
each    were  placed  and  maintained  in  individual  cages  pro- 
vided with  raised  screen  grids,  and  were  fed  liberal  quantities 
of  the  diets  under  consideration.     Clean  distilled  water  was 
kept  before  the  animals  at  all  times.     Small  additions  ot 
iodine  were  given  at  weekly  intervals.    Weekly  records  were 
made  of  Hu'  quantity  of  food  consuuied,  the  <-hange  in  bo.ly 
wei"-ht    and  the  general  appearance  of  each  aiuraal.     After 
aprelimi.iarv  depletion  ,.evi<.d  of  21  days  on  sncl.  diets,  each 
animal  was  given  a  measured  daily  dosage  of  the  vitamin  B 
concentrate  during  the  next  42  to  5G  days  as  a  supplement 
to  the  diet.    At  the  end  of  this  period,  the  diet  of  each  animal 
was  further  supplemented  by  weighed  daily  allotments  of 
autoclaved  yeast  and  the  animal  was  continued  under  observa- 
tion for  at  least  6  additional  weeks.    Thus  all  animals  which 
survived  the  experimental  period  had  existed  for  21  days  on 
a  diet  deficient  in  both  vitamins  B  and  G,  followed  by  42  to 
56  days  on  the  same  diet  supplemented  by  daily  allotments  of 
vitamin  B,  and  finally  for  at  least  42  days  on  this  diet  sup- 
plemented by  both  vitamins  B  and  G. 

The  vitamin  B  supplement  used  in  these  studies  was  pre- 
pared from  dried  brewer's  yeast.     The  dry  yeast  was  ex- 
tracted by  percolation  with  95  per  cent  alcohol  which  had 
been  acidified  with  concentrated  hydrochloric  acid  (5  ml.  of 
acid  per  liter  of  alcohol)  as  long  as  the  percolate  remained 
colored.     The  combined  percolate  was  concentrated  under 
reduced  pressure  until  the  residue  assumed  a  sirupy  con- 
sistency.   This  concentrate  was  placed  in  a  separatory  fun- 
nel, an  equal  volume  of  water  was  added,  and  the  mixture  was 
shaken  with  three  successive  portions  of  ether  (100  ml.  of 
ether  for  each  kilogram  of  yeast  extracted)  in  order  to  re- 
move most  of  the  fatty  materials.    After  partially  neutrahz- 
ing  the  excess  acid  with  sodium  bicarbonate,  the  concentrate 
was  again  reduced  to  a  sirupy  consistency  by  vacuum  dis- 
tillation, and  was  maintained  at  a  sub-zero  temperature  for 
24  hours.    The  insoluble  materials  were  filtered  off  rapidly 
by  means  of  suction,  and  sufficient  95  per  cent  alcohol  was 
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added  to  make  a  volume  such  that  1  ml.  of  the  concen  ra  e 
represented  10  gm.  of  the  original  yeast.  This  concentrate 
Xkept  in  the  Refrigerator  during  the  course  of  the  investi- 
Itlon  A  daily  dose  of  0.1  ml.  of  this  solution  was  used  as 
a  source  of  vitamin  B.  Previous  tests  had  shown  this  quanti  y 
to  be  sufficient  to  stimulate  appreciable  growth,  when  ted  to 
rats  receiving  a  diet  complete  in  other  respects 

The  vitamin  G  supplement  was  prepared  from  baker  s  yeast 
by  moistening^^  dry  yeast  with  a  10  per  cent  solution  of 
sodium  bicarbonate,  and  then  autoclaving  the  moist  mixture 
for  6  hours  at  15  pounds  pressure.  The  autoclaved  yeast 
was  later  dried  and  ground  to  a  fine  powder.  A  daily  dose 
of  0  3  gm.  of  this  product  was  found  to  supply  adequate 
vitamin  G  when  fed  as  the  only  source  of  this  vitamin. 

The  control  diet  was  similar  in  composition  to  that  which 
had  previously  been  used  in  this  laboratory  in  vitamin  B  and 
vitamin  G  studies.    It  consisted  (in  parts  per  100)  of  washed 
casein  18,  salt  mixture    (McCollum  185)    ('18)    4,   agar  2 
sucrose  20,  cod  liver  oil  2,  butter  fat  3,  and  dextrin  51.    A 
diet  of  this  composition  was  chosen,  because  it  offered  pos- 
sibilities of  quite  wide  variations  in  its  constituents  at  the 
expense  of  the  sucrose.    This  quality  was  highly  desirable, 
since  sucrose,  a  fairly  pure  and  uniform  source  ot  carbo- 
hydrate, was  selected  as  the  variable  compensator  in  the  vari- 
ations of  the  other  constituents  of  the  diet.    This  diet  alone, 
and  in  combination  with  daily  allotments  of  the  vitamin  B 
concentrate,  the  vitamin  G  fraction,  and  a  combination  of 
these  two  preparations,  was  fed  to  groups  of  depleted  rats  at 
intervals  during  the  progress  of  the  investigation.     These 
tests  were  carried  out  in  order  to  test  the  adequacy  of  the 
daily  dosage  of  the  two  vitamins,  and  to  show  that  definite 
growth  responses  could  be  produced  by  feeding  rats  a  diet 
of  this  composition,  when  it  is  properly  supplemented. 

Using  a  diet  of  this  composition  as  a  basis,  five  series  of 
diets,  in  each  series  of  which  one  of  the  above  ingredients  was 
varied  systematically  within  practical  limits,  were  fed  to 
respective  groups  of  rats  during  a  three-phase  experimental 
period  throughout  which  the  animals  received  1 )  neither  vita- 


min B  nor  vitamin  G,  2)  vitamin  B,  and  3)  vitamms  B  and  G. 
In  addition,  a  sixth  series  (of  four  diets),  m  which  2,  4,  6, 
and  8  per  cent  of  CellU  flour  were  used  as  sources  ot  rough- 
ao-es  instead  of  agar,  was  similarly  tested.  In  order  to  con- 
serve space,  the  number  and  composition  of  the  various  diets 
used  are  presented  in  table  1.  ,-,,,, 

Tl,..  c<,.upouenls  of  the  various  d\vU  were  of  the  quahty  t  ml 
is  most  commonlv  used  in  nutritional  work  of  this  type.     1  He 
casein  was  a  good  grade  South  American  ,.r<..hict.     It  was 
t.xtraete<l  with  both  acidulated  water  and  Hf.  l-er  .HM.t  alclu.l 
until  practicallv  free  of  the  vitamin  B  complex.    All  ingredi- 
ents used  in  the  salt  mixtures  were  of  the  C.P.  grade  except 
the  ferric  citrate  and  the  calcium  lactate.    These  salts  were 
of  the  U.S.P.  grade.    The  ag^was  a  U.S.P.  powder  obtained 
from  a  reliable  chemical  supply  company.    Refined  sucrose 
of  the  usual  commercial  grade  was  used.     The  Crisco  was 
purchased  from  a  local  grocery.     The  cod  liver  oil  was  the 
E  L  Patch  medicinal  product.    The  butter  fat  was  prepared 
in  the  usual  manner  from  fresh  creamery  butter  purchased 
from  the  college  creamery.    The  dextrin  was  prepared  from 
commercial  cornstarch  by  moistening  the  starch  with  a  dilute 
solution  of  citric  acid  and  autoclaving  for  4  hours  at  15 
pounds  pressure.    The  CellU  flour  was  a  highly  purified  form 
of  cellulose  furnished  through  the  courtesy  of  the  Chicago 
Dietetic   Supply  House,  Inc.     All   diets   were  made   up   at 
weekly  intervals  and  were  stored  in  an  electric  refrigerator. 

DATA 

While  close  observation  was  maintained  upon  all  animals 
during  the  course  of  the  investigation  and  a  fairly  complete 
record  was  kept  at  all  times,  it  is  believed  that  the  various 
differences  in  growth  responses  manifested  by  the  several 
groups  of  rats  receiving  the  different  diets  are  the  most  ac- 
curate indices  of  the  rat's  requirement  for  vitamin  B  and 
for  vitamin  G  while  subsisting  on  these  various  dietaries. 
For  this  reason  and  also  to  conserve  space,  the  data  obtained 
in  the  several  series  of  experiments  have  been  condensed 
and  presented  in  table  2  and  in  figures  1  to  8,  inclusive. 
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TABLE   1 
Shomng  the  number  and  the  composition  of  the  various  di^tsused^ 


DIET 
NO. 

CRISCO 
per  cent 

306^ 

0 

324 

0 

319^ 

0 

320 

5 

321 

10 

«^  M  w 

323 

328 

325 

329^ 

326 

327 

330 

331 

332 

333 

334 

335 

336 

337 

338* 

339 

340 

341 

342 

345 

346 

347 

348 

353 

352 

351 

350* 

349 


If) 

20 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


SALTS 

per  cent 
4 
4 
4 
4 
4 
4 
4 
1 

I        2 
i        4 
6 
8 

10 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


CASEIN 


per  rfnt 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
8 
12 
16 
20 
24 
28 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 


AGAR 
AGAR 

per  cent 
o 


2 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

0 

2 

4 

6 

8 

10 
0 
0 
0 
0 
2 
2 
2 
2 
2 


CEIjLU 
FLOUR 


DEXTRIN 


per  cent  I  per  cent 
0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

4 

6 

8 

0 

0 

0 

0 

0 


51 

r>i 
oi 

51 
51 
51 
51 
51 

51 

>--» 
ox 

51 

51 

51 

51 

51 

51 

51 

51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
0 
11 
31 
51 
71 


SUCROSE 


per  cent 
20 
25 
20 
15 
10 
5 
0 

23 
22 
20 
18 
16 
14 
30 
26 
22 
18 
14 
10 
22 
20 
18 
16 
14 
12 
20 
18 
16 
14 
71 
60 
40 
20 
0 


COD 

IjIVER 

OIL 

per  cent 
o 

0' 

2 

<) 

o 


2 
2 
2 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
o 

iJ 

2 
2 
2 


BUTTER 
FAT 

per  cent 
3 
0» 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


*  These  diets  all  had  tlie  same  composition  but  were  designated  under  different 
numbers,  since  they  were  used  as  control  diets  in  different  series  and  at  different 

'  Crystalline  wirotene  and  10,000  D  viosterol  were  dissolved  in  petroleum  etner 
and  adde<l  to  the  basal  diet  at  weekly  intervals  in  sufficient  quantities  to  furnish 
10  Sherman  units  of  vitannn  A  and  10  A.D.M.A.  units  of  vitamin  D  for  each 
gram  of  food. 
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DISCUSSION 

In  compiling  the  above  data,  records  of  individual  animals 

omittea,  aim  um,  otoud      The  number  of 

nr>fprl  more  or  less  uniformly  as  a  group,     x  ,  ,       ^ 

acted  more  oi  requirement  was  not  large, 

irmost  cases,  tl.oso  abnormal  r(.sT)onsos  seemed  to  hav(   tol- 

oJd    n  cxco'ssive  period  of  "'f  «'>"^^'"7'«  ^^^^ /.Si 
of  the  experiment.     Most  of  these  animals  had  ma"itested 
marked  symptoms  of  beriberi  before  the  end  of  the  21 -day 
Zleion  period,  and  did  not  make  the  immediate  character- 
Stic  response  when  the  daily  allotment  of  the  vitamin  B  cou- 
cen  rate  was  added.  It  appears  most  probable  that  more  um- 
form  ™th  responses  would  have  been  obtamed  m  certain 
Iroupf  oT  rats  had  this  depletion  period  been  reduced  by 
feveral  days.     There  is,  on  the  other  hand,  some  evidence 
Xch  indices  that  groups  of  rats  receiving  cert-n  die^' 
could  have  withstood  a  more  prolonged  depletion  period  with- 

out  serious  consequence.  .   .  i     i?  ^^^f^.  cW 

During  the  course  of  the  investigation,  a  total  of  forty-six 
animals  were  used  in  testing  the  basal  diet  and  the  effective 
ne  Tof  the  vitamin  B  and  the  vitamin  G  fractions  in  supple- 
menting this  diet.    The  data  obtained  (tig.  1)  ^^ow  that  a)  a  1 
rats  that  received  the  basal  diet  unsupplemented  died  be- 
ween  the  twenty-ninth  and  the  fifty-ninth  days,  b)  seventeen 
oTthe  eighteen  rats  that  received  the  basal  diet  supplemented 
by  the  vitamin  B  concentrate  lived  through  the  8-week  ex^ 
perimental  period,  c)  nine  of  the  ten  animals  tliat  received 
fhe  basal  diet  supplemented  with  the  vitamin  G  fraction  died 
before  the  end  of  the  experiment,  and  d)  those  animals  that 
received  the  basal  diet  supplemented  by  both  the  vitamin  B 
concentrate  and  the  vitamin  G  fraction  made  an  average  gam 
of  11  gm.  per  week  during  the  8-week  period. 

It  was  interesting  to  note  in  connection  with  the  control 
diet  that,  while  the  composition  of  the  diet  remained  un- 
changed from  beginning  to  end,  the  first  animals  to  die  mam- 


fested  no  apparent  symptoms  of  beriberi  other  than  an  un- 
steady gait,  and  when  found  dead  they  were  usually  clutched 
to  the  cage  by  paws  and  teeth.  Those  animals  which  survived 
lono-er  however,  manifested  very  characteristic  symptoms 
several  days  previous  to  death.  These  facts,  together  with 
observations  made  in  connection  with  other  experiments,  sug- 
gest that  some  relation  must  exist  between  the  age  of  the  rat 
and  the  tvpe  of  vitamin  B  deticieney  symptoms  manifested. 
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Fig  1  Showing  the  effect  of  supplementing  the  basal  diet  (306)  with  0.1  ml. 
of  vitamin  B  concentrate  and  0.3  gm.  of  the  vitamin  G  fraction,  separately  and 
in  combination. 

In  a  consideration  of  the  data  obtained  from  the  groups  of 
rats  receiving  the  diets  comprising  the  fat  series  (fig.  2), 
several  interesting  trends  become  apparent  and  seemed  to 
justify  some  consideration.  Diet  324  had  been  made  practi- 
cally fat  free  by  extracting  the  properly  combined  ingredients 
with  ethyl  etheV  for  16  hours  in  a  continuous  extractor.  Suf- 
ficient crvstalline  carotene  and  10,000  D  viosterol  were  added 
to  the  etiier-free  diet  to  furnish  10  units  each  of  vitamin  A 
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and  vitamin  D  for  each  gram  of  food.  By  f  i>Jg  J^ig^ly 
pint  sources  of  these  vitamins,  the  fat  content  of  the  diet 
Tas  ma  ntained  at  the  lowest  practical  level.  By  increasing 
The  fat  content  of  this  diet  first  by  replacing  a  portion  of  the 
sucrose  by  cod  lived  oil  and  butter  fat  in  order  to  supply  he 
"t  soluble  vitamins,  and  then  by  further  replacement  ot  the 
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Fig.  2  Showing  the  average  growth  responses  made  by  groups  of  rats  re^ 
ceiving  1)  vitamin  B  complex  deficient  diets  of  varying  fat  content;  2)  these 
diets  Supplemented  with  daily  allotments  of  0.1  ml.  of  the  vitamm  B  eoncentrat^, 
and,  3)  these  diets  supplemented  daily  with  botH  0.1  ml.  of  the  vitamm  B  con- 
centrate and  0.3  gm.  of  the  vitamin  G  fraction. 

sucrose  with  5,  10,  15  and  20  per  cent  of  Crisco,  a  series  of 
diets  were  made  up  that  ranged  in  fat  content  from  0  to  l^ 

per  cent.  .         p   -,•  .     ^^ 

The  data  obtained  through  feeding  this  series  of  diets  to 
groups  of  young  rats  emphasizes  three  points  worthy  of  note^ 
a)  Rats  receiving  diets  containing  appreciable  quantities  of 
fat  (Crisco)  were  more  difficult  to  deplete  of  their  vitamin  B 
stores  than  similar  animals  receiving  diets  of  low  fat  con- 


tent b)  The  data  do  not  indicate  that  the  fat  content  of 
the  diet  bears  any  relation  to  the  rat's  requirement  for  vita- 
min G  c)  When  restricted  daily  allotments  of  both  vitamins 
B  and  G  were  fed  to  rats,  greater  growth  rates  were  obtained 
from  those  animals  receiving  diets  containing  from  15  to 
20  per  cent  of  fat  than  from  similar  animals  receiving  cor- 
responding diets  of  lower  fat  content. 


Percentage  of  Salts 
1% 


Fig  3  Showing  the  average  growth  responses  made  by  groups  of  rats  receiv- 
ing 1)  vitamin  B  complex  deficient  diets  of  varying  salts  content;  2)  these 
dieis  supplemented  with  daily  dosages  of  0.1  ml.  of  the  vitamin  B  concentrate, 
and,  3)  these  diets  supplemented  with  daily  dosages  of  both  0.1  ml.  of  the 
vitamin  B  concentrate  and  0.3  gm.  of  the  vitamin  G  fraction. 

The  results  obtained  with  the  series  of  diets  in  which  the 
salt  mixture  was  the  variable  constituent  under  consideration 
likewise  revealed  some  points  of  interest  (fig.  3).  The  group 
of  rats  which  received  diet  330  containing  10  per  cent  of 
the  salt  mixture  made  less  than  the  usual  growth  response 
during  the  3-week  depletion  period.  In  this  case  the  vitamin 
B  concentrate  appeared  to  have  little  or  no  supplementing 
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value  When  this  diet  was  further  supplemented  by  auto- 
daved  yeast,  the  animals  grew  at  a  very  low  rate  during  the 
next  5  weeks.  During  the  last  2  weeks  that  this  group  of  ani- 
mals was  under  observation,  increased  evidence  of  nutri- 
Uotl  failure  became  apparent.  It  was  highly  improbable 
it  any  would  have  lived  for  2  additional  weeks  had  the  ex- 
perimental period  been  extended. 

The  -roup  of  rats  receiving  diet  827,  winch  contains  S  per 
cent  of Ihe  salt  mixture,  presented  a  ])etter  nutritional  incture 
throughout  the  experimental  period  than  did  those  animals 
receiving  the  diet  containing  10  per  cent  of  this  constituent. 
In  fact    as  the  salt  content  of  the  various  diets  composing 
the  series  was  decreased  through  8,  6,  4  and  2  per  cent  (diets 
327  326  329  and  325)  more  favorable  growth  responses  were 
obtained.    This  was  also  true  with  diet  328,  which  contamed 
only  1  per  cent  of  the  salt  mixture.    Frequent  observations, 
however,  of  the  various  animals  composing  the  several  groups 
of  this  series  led  us  to  believe  that  the  results  which  were 
obtained  with  this  diet  are  not  entirely  free  of  an  unsuspected 
experimental  error.     At  the  end  of  the  third  week  the  ani- 
mals of  this  group  had  shown  a  definite  loss  in  weight,  but 
presented  no  evidence  of  beriberi.    When  the  diet  was  sup- 
plemented by  vitamin  B  concentrate,  the  animals  made  an 
immediate  growth  response.    Close  observations  at  this  time 
revealed  all  animals  of  the  group  to  be  consuming  their  ex- 
creta, especiallv  the  urine.    This  tendency  was  evidently  ac- 
quired about  the  end  of  the  depletion  period  and  was  con- 
tinued throughout  the  experiment.     Consequently,  the  data 
obtained  on  diet  328  are  difficult  to  evaluate  in  terms  of  either 
vitamins  B  and  G  or  salts  intake.    The  practice  of  coprophagy 
was  seldom  observed  among  the  other  groups  of  animals  com- 
prising this  series.    It  is  believed,  therefore,  that  the  practice 
in  this  particular  group  was  an  attempt  on  the  part  of  the 
experimental  animals  to  maintain  a  favorable  mineral  balance 
while  receiving  a  diet  inadequate  in  inorganic  constituents. 
When  a  series  of  diets,  in  which  the  protein  constituent 
(casein)  was  varied  in  4  per  cent  intervals  from  8  to  28 


I 


per  cent,  were  fed  to  groups  of  rats  receiving  controlled  daily 
allotments  of  vitamins  B  and  O,  under  comparable  conditions, 
no  startling  differences  in  growth  responses  were  obtained 
(fig.  4).  The  group  of  rats  which  received  diet  331  contain- 
ing 8  per  cent  of  casein  lost  weight  during  the  first  3  weeks 
that  they  were  on  experiment.     While  none  of  the  animals 


Fig.  4  Showing  the  average  growth  responses  made  by  groups  of  rats  receiv- 
ing, 1)  vitamin  B  complex  deficient  diets  of  varying  protein  content;  2)  these 
diets  supplemented  daily  with  0.1  ml.  of  the  vitamin  B  concentrate,  and,  3)  these 
diets  supplemented  by  both  0.1  ml.  of  the  vitamin  B  concentrate  and  0.3  gm. 
of  the  vitamin  G  fraction. 

of  this  group  died  from  beriberi  during  this  time,  some  of 
them  did  exhibit  marked  paralytic  symptoms.  Later,  three 
of  the  ten  animals  comprising  the  group  were  found  to  be 
practicing  coprophagy;  consequently  they  were  removed  from 
the  experiment.  When  a  daily  allotment  of  the  vitamin  B 
concentrate  was  given  to  each  animal  of  this  group,  a  slight 
gain  in  weight  amounting  to  10  gm.  resulted  during  the  next 
5  weeks,  part  of  which  was  subsequently  lost.     The  animals 


410  N.   B.   GUEREANT   AND  K.    A.   BUTCHER 

Of  this  group,  after  being  depleted  for  3  weeks,  and  then 
rec  fv  n|  vitamin  B  for  8  weeks,  did  not  show  any  severe 
symptoms  of  vitamin  G  deficiency.  There  was  the  usua 
rSml  of  hair,  scaly  feet,  and  some  local  depi  ation  o 
heal  and  body,  men  the  diet  was  further  supplemented 
tuh  autoclave^  yeast,  each  animal  of  the  group  rn^f-^^ry 
definite  growth  response  and  improved  markedly  m  ho  hge,- 
eral  appearance  and  well-being.  In  tins  ease,  .t  is  difficult 
Tdetermine  whether  all  of  this  increased  growth  was  due  to 

V  ta^n  G  or  whether  part  of  it  ^^-^^^J-'^""  '"'^^  ^  ^^ 
supplementing  effect  of  the  protein  added  m  the  form  ot 

men  the^  diet  contained  12,  16,  20  or  24  per  cent  ot  casern, 
respectively,  as  in  diets  332,  333,  334  and  335,  a  definite  im- 
provement in  growth  resulted  in  all  three  phases  of  the  ex- 
periment when  compared  to  the  results  obtained  on  the  lower 
protein  diet  (331).    The  group  of  rats  which  received  diet  33b, 
containing  28  per  cent  of  casein,  made  only  a  very  slight  gain 
in  weight  during  the  first  3  weeks  of  the  experiment.    At  first 
there  were  some  indications  that  this  diet  was  somewhat  un- 
palatable to  the  young  rats.  When  this  diet  was  supplemented 
by  the  vitamin  B  concentrate,  the  animals  grew  at  an  aver- 
age rate  of  2.5  gm.  per  week  for  the  next  8  weeks.    At  this 
time,  the  animals  of  this  group  had  made  about  the  same 
increase  in  weight  as  the  groups  receiving  diets  333,  334  and 
335    On  further  supplementing  diet  336  with  autoclaved  yeast, 
these  animals  increased  their  average  rate  of  growth  to  5  gm. 
per  week  for  the  next  6  weeks,  which  was  less  than  the  growth 
rates  of  several  other  groups  during  this  same  period. 

The  data  obtained  through  feeding  rats  this  series  of  diets 
indicate  that,  within  the  limits  of  the  usual  experimental  diet, 
slight  difference  in  protein  has  no  measurable  effect  upon  the 
rat's  requirement  for  vitamins  B  and  G.  When  the  protem 
content  of  the  diets  is  increased  or  decreased  beyond  certain 
limits,  other  complications  arise  which  make  it  more  difficult 
to  interpret  the  experimental  results  obtained. 
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When  a  series  of  six  diets,  in  which  agar  was  the  variable 
constituent,  were  fed  to  respective  groups  of  rats,  some 
noticeable  differences  were  observed  in  the  resultant  growth 
responses  (fig.  5).  The  ten  animals  that  received  diet  337, 
which  contained  no  agar,  made  a  slight  gain  in  weight  during 
the  first  2  weeks  of  the  depletion  period,  but  part  of  this  gam 
was  later  lost  during  the  tliird  and  hist  week  oi'  tlie  period. 


Fig  5     Showing  the  average  growth  responses  made  by  groups  of  rats  receiving, 
1)   vitamin   B   complex   deficient   diets   of   varying   agar   content,    2)    these    diets 
supplemented  with   0.1   ml.  daily  allotments   of   the  vitamin   B   concentrate,   and 
3)  these  diets  supplemented  with  both  0.1  ml.  of  the  vitamin  B  concentrate  and 
0.3  gm.  of  the  vitamin  G  fraction. 

At  this  time  all  animals  of  the  group  appeared  to  be  in  an 
unthrifty  condition  and  some  of  them  showed  definite  paralytic 
symptoms.  On  supplementing  this  diet  with  the  vitamin  B 
concentrate,  all  animals  reassumed  growth  for  the  next  5 
weeks.  Ruffled  fur  and  retarded  growths  appeared  to  be  the 
only  visible  external  symptoms  of  vitamin  G  deficiency.  On 
further  supplementing  the  diet  with  autoclaved  yeast,  all 
animals  of  the  group  made  a  uniform  and  uneventful  growth 
of  5  gm.  per  week  for  the  next  6  weeks. 
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When  the  diet  contained  2  per  cent  of  agar  (diet  338),  the 
growth  response,  in  general,  was  very  simi  ar  to  that  obtained 
on  fte  agar-free  diet.    The  only  noticeable  difference  was  a 
smaller  loss  in  weight  during  the  depletion  period  and  fewer 
ymptoms  of  beriberi  during  this  time.    As  the  agar  content 
of  the  diets  was  further  increased  in  2  per  cent  intervals   as 
in  diets  339,  340,  341  and  342,  marked  differences  appeared  in 
the  responses  made  by  tlie  respective  groups  of  rats  dunug 
the  depletion  period.    The  group  of  rats  receiving  a  diet  con- 
taining 10  per  cent  of  agar  grew  at  approximately  the  same 
rate  as  that  group  which  received  a  diet  containing  only  8 
per  cent  of  this  constituent.    Those  animals  which  received 
L  diets  of  higher  agar  content  (6,  8  and  10  per  cent)  were 
not  only  free  of  beriberi  at  the  end  of  the  3-week  depletion 
period,  but  appeared  to  be  in  a  fair  state  of  nutrition.    In 
spite  of  marked  differences  in  the  growth  responses  and  in 
the  general  appearance  of  the  six  groups  of  animals  at  the 
end  of  the  3  weeks,  all  groups  responded  quite  uniformly 
when  these  diets  were  supplemented,  first  by  the  vitamin  B 
concentrate  and  later  by  both  the  vitamin  B  concentrate  and 
the  vitamin   G   fraction.     The   results    indicate   quite   con- 
clusively that  the  uniform  addition  of  vitamins  B  and  G  be- 
came less  effective  in  increasing  the  growth  rate  of  the  ani- 
mals  as   the   diets   became   richer   in    agar   content.     This 
difference  in  supplementing  value  was  more  marked  m  the 
case  of  the  vitamin  B  concentrate. 

The  above  data  in  themselves  were  not  sufficient  to  justity 
the  postulation  of  a  specific  mechanism  by  which  the  vitamin 
B  and  the  vitamin  G  requirement  of  the  rat  could  be  affected 
by  the  quantity  of  agar  incorporated  in  the  diet.    A  number 
of  different  possibilities  suggested  themselves,  but  none  ap- 
peared tenable  without  further  data.    To  us  the  above  data 
appeared  to  be  open  to  criticism  on  the  ground  that  an  impure 
or  an  unrefined  agar  had  been  used  in  the  various  diets.    We 
anticipated  considerable  difficulty  in  attempting  to  free  the 
agar  from  impurities  by  any  mode  of  extraction  with  vitamin 
solvents.     A  more  logical  plan  appeared  to  be  a  repetition 
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of  at  least  part  of  the  experiments  involving  the  agar-con- 
taining  diets,  using  CellU  flour  instead  of  agar  as  a  source 

of  roughage.  ^  p   .     t^-  4- 

In  the  CellU  flour  series,  only  four  diets  were  ted.  Diets 
345  346,  347  and  348  (fig.  6)  contained  2,  4,  6  and  8  per  cent, 
respectively,  of  CellU  flour  and  in  other  respects  were  identi- 
cal in  composition  to  diets  338,  339,  340  and  341  of  the  agar 


Fig  6  Showing  the  average  growth  responses  made  by  groups  of  rats  receiving, 
1)  vitamin  B  complex  deficient  diets  of  varying  CellU  flour  content,  2)  these 
diets  supplemented  bv  daily  additions  of  0.1  ml.  of  the  vitamin  B  concentrate, 
and,  3)  these  diets  supplemented  by  daily  additions  of  both  0.1  ml.  of  vitamm  B 
concentrate  and  0.3  gm.  of  the  vitamin  G  fraction. 

series.  The  test  with  diet  337  was  not  repeated  at  this  time. 
The  growth  curve  presented  is  the  same  as  presented  in 
figure  5.  Four  groups  of  rats  of  six  animals  each  were  fed 
the  CellU  flour  diets  under  conditions  as  nearly  identical 
as  possible  to  that  maintained  in  the  agar  series.  A  compari- 
son of  figures  5  and  6  will  reveal  the  striking  similarity  in 
the  two  series  of  results  obtained.  The  nutritional  pictures 
presented  by  the  two  groups  of  rats,  one  group  of  which  re- 
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ceived  a  diet  containing  a  definite  percentage  of  agar  while 
the  other  group  received  a  diet  containinng  an  equal  per- 
centage of  CellU  flour,  were  so  similar  in  all  respects  that 
a  rediscussion  appears  unnecessary  at  this  time^ 

While  no  satisfactory  explanation  can  be  offered  at  this 
time  relative  to  the  physioloKioal  mechanism  by  winch  the 
fiber  (agar  and  CellU  flour)  content  of  the  diet  ndluences 
the  rat's  re<uarement  tor  vitamin  B  and  also  vitamin  (.  (but 
to  a  less  degree),  it  is  hoiked  that  experiments  in  progress  at 
the  present  time  may  shed  some  light  upon  the  subject. 

Unpublished  experimental  data  obtained  in  this  laboratory 
showed  that  marked  differences  in  the  growth  responses  of 
groups  of  rats  receiving  identical  quantities  of  vitamin  B  or 
vitamin  G  could  be  obtained  when  the  respective  diets  dif- 
fered only  in  the  kind  of  carbohydrate.    This  difference  in 
growth  response  became  quite  marked  when  sucrose-contain- 
ing diets  were  compared  to  dextrin-containing  diets.    It  was 
believed  that  by  feeding  groups  of  rats  a  series  of  diets  of 
constant  composition,  in  which  the  carbohydrate  component 
was  made  up  of  various  quantities  of  sucrose  and  dextrm, 
other  interesting  data  would  be  obtained.     In  consequence 
of  this  fact,  a  series  of  six  diets  was  formulated  and  prepared 
which  ranged  in  dextrin  content  from  0  to  71  per  cent  and  in 
sucrose  content  from  71  to  0  per  cent. 

Diet  353  (fig.  7),  which  contained  71  per  cent  sucrose  and 
no  dextrin,  was  fed  to  a  group  of  eight  animals.    Each  animal 
of  the  group  lost  in  body  weight  from  the  beginning,  and  by 
the  seventeenth  day  two  of  the  eight  animals  were  dead.    The 
feeding  of  the  vitamin  B  concentrate  was  started  at  this  time, 
as  it  was  thought  that  the  remaining  animals  could  not  sur- 
vive a  21-day  depletion  period  on  the  diet  and  yet  retain 
sufficient  vitality  for  further  use  in  the  feeding  test.     Two 
more  animals  died,  one  on  the  eighteenth  and  the  other  on  the 
twenty-first  day.     The  remaining  animals  made  a  definite 
growth  response  as  the  result  of  receiving  the  daily  allotment 
of  the  vitamin  B  concentrate.    The  growth-stimulating  effect 
lasted  for  about  3  weeks  when  the  four  surviving  animals 


began  to  lose  weight  gradually  for  a  period  of  3  weeks  or 
nntil  the  diet  was  further  supplemented  by  daily  additions 
of  autoclaved  yeast.  During  the  2  weeks  previous  to  the 
addition  of  the  autoclaved  yeast,  all  four  ot  the  animals 
manifested  some  of  the  external  symptoms  usually  associated 
^ith  vitamin  G  deficiency  in  the  rat.  These  symptoms  include 
salivation,  uleeratlou  of  the  lining  of  the  mouth  and  tongue, 


FiK  7  Showing  the  average  growth  response,  made  by  groups  of  rats  recemng, 
1)  Lmi.  B  deficient  diets  of  varying  dextrin  content,  2)  these  <»";*«  Buppe^ 
mentcd  by  daily  allotments  of  0.1  ml.  of  the  vitamin  B  concon  rate  and,  3)  these 
diets  supplemented  with  daily  allotments  of  both  0.1  ml.  of  the  v.tamn.  B  con- 
centrate and  0.3  gm.  of  the  vitamin  G  fraction. 

inflamed  feet  and  tail,  frequently  followed  by  s«me  signs  of 
necrosis,  alopecia  areata,  and  distinct  diarrhea.  When  0..i 
gm.  of  autoclaved  yeast  was  given  to  each  animal  daily,  there 
was  some  delay  in  the  resumption  of  growth,  but  the  ex- 
ternal svmptoms  showed  marked  improvement  by  the  end  ot 
the  first"  week.  From  that  point,  the  animals  grew  at  a  fairly 
uniform  rate  for  the  remaining  5  weeks  and  improved  in  both 
activity  and  general  appearance. 
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On  decreasing  the  sucrose  content  of  the  diet  to  60  per  cent 
and  adding  11  per  cent  of  dextrin  as  in  diet  352,  the  nutri- 
tional picture  in  general  was  not  greatly  improved.     The 
most  noticeable  difference  occurred  during  the  preliminary 
depletion  period.    When  the  sucrose  content  of  the  diet  was 
further  reduced  to  40  per  cent  and  the  dextrin  increased  to 
31  per  cent    as  in  diet  351,  a  distinctly  improved  nutritional 
picture  was  obtained.    Further  increases  of  dextrin  to  51  per 
cent  and  to  71  per  cent,  as  in  diets  350  and  349,  yielded  still 
greater  growth  responses  and  corresponding  improvement  iii 
the  appearance  of  the  experimental  animals.     Experiments 
are  now  in  progress  which  we  hope  will  throw  some  hght 
upon  the  mechanism  by  which  the  type  of  carbohydrate  exerts 
its  growth-promoting  or  growth-inhibiting  effect,  while  all 
other  known  constituents  of  the  diets  are   identical  as  to 

quality  and  quantity. 

Inspection  of  figures  2  to  7,  inclusive,  leads  to  the  general 
conclusion   that   a   definite    correlation    exists   between   the 
growth  responses  obtained  and  the  composition  of  the  diets 
fed.     This  relationship  holds  quite  well  within  each  of  the 
respective  series  of  diets.    But  when  one  compares  the  results 
obtained  by  feeding  diets  329,  338  and  350  (table  2  and  figs. 
3,  5  and  7),  this  correlation  does  not  appear  to  be  quite  so 
pronounced.    These  three  diets  were  identical  in  composition 
and  were  fed  to  three  different  groups  of  rats  under  very 
similar  conditions,  except  the  season  of  the  year  in  which 
the  experiments  were  carried  out.     Diets  306  and  319  were 
also  identical   in  composition  to   the   above   diets   but   each 
was  fed  under  different  conditions  and  for  this  reason  the 
results  are  not  comparable  to  the  results   obtained  on  the 

above  diets. 

Consideration  of  the  approximate  caloric  intake  of  the  vari- 
ous groups  of  rats  during  the  three  phases  of  the  experiments 
shows  that  the  vitamin  B  concentrate  alone  was  not  always 
effective  in  reducing  the  energ>^  required  to  produce  a  unit 
of  growth.  In  fact,  no  definite  relationship  appeared  to  exist 
between  the  quantity  of  ingested  energy  and  the  resultant 
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Fig.  8     Showing  the  relation  of  the  quantity  of   the  various  <«<";  ^^^ 
to  the  resultant  growth  responses  made  during  the  three  phases  of  the  feodmg 

trials. 
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rate  of  growth  when  groups  of  young  rats  were  fed  the 
several  series  of  diets,  first  unsupplemented  and  then  sup- 
plemented with  a  vitamin  B  concentrate.  When  these  various 
diets  were  further  supplemented  with  vitamin  G,  there  was 
a  very  noticeable  decrease  in  the  quantities  of  energy  re- 
quired for  a  unit  of  growth.  The  data  obtained  are  insufficient 
to  justify  the  assumption  that  vitamin  G  is  uniciue  in  its  al)ility 
to  'bring'about  a  more  efficient  utilization  of  energy  for  growth. 
Otlier  essential  nutrients  would  probably  be  found  <HiuallY 
effective  in  this  respect,  were  they  the  limiting  factors  in  an 

otherwise  complete  diet. 

Figure  8  reveals  some  interesting  relationships  which  were 
found  to  exist  between  the  quantity  of  the  various  diets  con- 
sumed and  the  resultant  growth  produced.  These  relation- 
ships, as  shown  among  the  diets  of  both  the  inorganic  and  the 
dextrin  series,  appear  to  be  highly  significant. 

CONCLUSIONS 

1.  Rats  became  depleted  of  their  vitamin  B  reserve  some- 
what less  readily  when  the  basal  diet  contained  increasing 
amounts  of  fat.  The  addition  of  increasing  amounts  of  fats 
appeared  to  have  no  effect  on  the  vitamin  G  requirement  of 
the  rat.  The  most  satisfactory  growth  responses  (when  rats 
were  receiving  a  somewhat  restricted  intake  of  vitamins  B 
and  G)  occurred  when  the  fat  content  ranged  from  15  to  20 

per  cent. 

2.  The  rat's  requirement  for  vitamin  G  is  greater  as  the 
mineral  salts  are  increased.  And,  conversely,  the  lowering 
of  the  percentage  of  mineral  salts  in  the  diet  seemed  to  have 
a  sparing  effect  on  this  vitamin. 

3.  No  evidence  could  be  obtained  to  show  that  variations 
in  the  protein  content  of  the  diet  have  an  effect  on  the  utiliza- 
tion of  vitamins  B  and  G. 

4.  Increasing  amounts  of  fiber  in  the  form  of  agar  and 
CellU  flour  possessed  a  definite  sparing  effect  on  vitamins  B 
and  G  utilization.  The  beneficial  effect  of  fiber  is  thought 
to  be  due  to  the  production  of  more  favorable  conditions  for 
the  growth  of  microorganisms  in  the  digestive  tract. 


5  The  demand  of  the  rat  for  vitamins  B  and  G  increases 
wh;n  sucrotTis  fed  as  the  sole  source  of  carbohydrate,  whde 
t  need  for  these  vitamins  decreases  as  the  sucrose  xs  re- 
placed  by  dextrin. 
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in.-  n ■.anie  niU-o-vn.  it   .as  fei,  that  tins  o,-,an,sn,  oltered  an 

,^.,,,,,,,Huni,v,o.nHlvlhes,innda,ovyen,....    o,    annno   acds  „„ 
sn.eaL.nsn,.      Th.  p^ ,-  n,,.„.,s  a  s,  ody  oMhe  ,.,„•  ,      „„..al .,, 

a:,.,tiea'idas,„,.asun.dby,.a,.|,ond,oxide,,n,d,,>.,,,.K  .  .ly..,,,..  1-n,.. 
,,;,,,,,,;,,,,  .v.n.  s.leHcd  as  anuno  acids  whudMn,.h,  be  ,.x,,c,.  .11, M... 
a,„...  a  stimulation  in  n,c.abolisn,  an,l  1  he  aspamc  acd  as  one  winch  n,„l„ 

not. 

Methods 

The  culture  of  F,isanmn  oxysponnn  used  uas  obtained  from  the  Divi- 
sion of  Plant  Patholo,y  at  the  University  of  Minnesota.  The  stoek  n.ednn,, 
was  that  used  by  Ax.hchsox  (1)  in  his  work  on  /•'.  Inn  and  ha,l  the  tollowin., 
composition  : 

Amnioiiimii  nitrate  

Monopotassiuni  pliospliato  

Magnesium  sulphate  

(Jlueose    

AVater  to  make  


1.00  jrm. 

().:)()  '' 

0/25  '' 

20.00  '' 

1000  ee. 


T\in-  this  as  a  basis,  the  amino  aeid  media  ^vere  prepared  by  addin- 
().-,  <mi  earbon  ecpiivalent  of  an  aeid  for  each  300  ce.  of  stoek  mednim  (the 
annmnt  nsed  in  eaeh  enltnre  flask),  i.e.,  1.5()35  n,,n.  of  -lyeme,  O.iUO.)  ^m. 
„f  leueine  0  H:]K^  -m.  of  tyrosine,  and  1.380  -m.  of  aspartie  aeid.  1  wo  con- 
trols ^vere  run.  eontrol  A  bein-  the  stoek  solution  alone  and  eontrol  li  being 
the  same  as  eontrol  A  exeept  timt  O.f)  o,n.  of  earbon  in  the  form  oi   -Uum.so 

(1  ^>r,  o,n  )  was  added  to  eaeh  flask.  Three  hundred  ee.  of  eaeh  mednun 
wore  plaeed  in  :)00-ee.  pyrex  Krh'umeyer  ilasks.  Triplieate  experunents 
were  run  in  eaeh  ease.  Eaeh  flask  was  elosed  by  a  Iwod.oh'  rubber  stopp'-i 
through  whieh  extended  two  -lass  tubes,      (^)tton  plu-s  were  plaeed  ui  tHe 

outer  end  of  eaeh  tube  to  pn'vent  eontamiiuition. 

After  autoehivin-  at   IT)  ])ounds'  pressure   for  20  minutes  and   e<M,hn-i. 

eaeh  flask  was  inoeulated  with   10  ee.  of  spore  and  myeelium  suspensi-.n. 

The  stoppers  were  seabed  with  i)araffin  and  the  ends  of  the  o-lass  tubes  were 

elosed  with  ndibcr  tubes  and  serew  clamps. 

Separate  samph's  of  all  solutions  were  autoclaved  with  thv  culture  flasks 

and,  after  eoolin-.  their  pll  values  were  determiiuHl  by  1li<'  electrometric 
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„„„,,  usin.  a  ,ninhydrone  electro,le.     Duriu.  the  e.xperiu,ent  the  Ilasks 

h.rA  on  laboratory  desks  at  room  temperature. 
"'■'■..  dide   .U.-frnnnations    ..re    nunle    at    frec.nent     ntervals   by 

f      ,       Tkvuc    (19)    toNvers  eontainin,'  bariun,   hydn.xide  solution. 

^^ir^lJirhSxide  was  tl itratcd   with   tt.,   X  hyaroehlone 

.„.i,i  iisin,.  phenolphlbalein  as  an  nidicalor. 

""    '      .:,,  urcs  Lr  albnved  to  ,n,w  for  ■-■'')  days,  at  ulncb  tnne  t«o  sCs^ 

.,       ',„,„■„ ivcinc  and  aspartic  acid.   «,..vo|.c I  as  ,t    was  planned 

7,J  i:..;M-n n,   aM U II -.  „ tiers  wc.c  M:c„ 

;',,,,,,,,,:,,,,.,  ,Tt.d,.,ys  in  an.      .Xt'p.r  opcon,.,  ,  Ic.  col,  u.^s  .,.,v 

.Ivtdtcrcd  through  t; .1,  ....ucd.lcs  and   ,l.n,yc,.|,a   wash,.        1 

.„..s  hen.  discarded.      The  n,yce„a    w  crc  deed    ,.■  cons,  an,    we,. ,. 
;;;;;        The  filtrates  were,, sed  for. he. lc,crn,n,at ,n,l  .,t    resid- 
ual Lduc.se  by  the  method  .d'  Koi.ix  ami  W  r  (5). 

Presentation  of  data 

Fi,ure  1  and  table  1  present  the  results  .d'  this  -;^';^^'"'^''''"- J;^'':^;^ 
.l,o«s  the  total  an.ount  ..f  carbon  .lioxide  produced  .lurM,^'  ^ro«th.  1  Ins 
trm  is  the  average  ,d'  triplicat,.  ,lctern,inations  for  eaeh  culture  mednun. 

■ ■ — ^rq 


s 


F...   1.      <n,b.„.  .li..xi,le  |„..,iu,.,i..„  l.y  Fu^arnnn  ,..nj.,,.,nnn   „s  inHuenc-ci   l.y  .er,..., 
niniiKp  acids. 


10 

s 


;;iimi(p  acKis. 

After  a  .h-lcaninat i.,n.  the  weight  .d,tain,..l  rr.,n,  ..ach  cdtnr,.  «as  a.hl...!  ,. 
,l,at  previouslv  obtain.Ml.  so  that  the  ane.nn.  ,nven  f.,r  any  day  n.pres,.,, 

,l,c„„al  carb.;n  dioxi.le  pr.,.lnc..,l  fr the  tinu.  of  uhk-u  atnm  to    hat  .la> 

1,  ,.an  be  observnl  that  c.ntr.d  I'.,  the  n,e,linn,  modd.ed  by  the  a.hhfon  .,f 
.lu.-os...  pro,lnc,.s  th..  ..vafst  am.n.nt  .d'  carbon  dioxnl...  ulnch  ,nd,cat,.s 
„„.,  „„,  ,,,„on  in  .glucose  is  the  b,.st  s.nure  f.u-  carbon  d,o.xnle  pr... Inct.on 
bv  ,|„.  ,„„„„s.  The  curve  f.n'  the  earb.n,  di..xi,le  pro.lu,-,.d  by  the  lun.^ns 
,-,  ,1,,  „„„,i,„„  ,„,,,ine,l  by  aspartie  acid  is  below  all  the  others  untd  the 
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1.      V 


(•r 


til 
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these 
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two  amino  acids!  althon-h  the  fun-iis  was  allowed  to  -row  <.n  tlu'iii 
for  a  slKU-ter  len-th  of  time,  ])ro(luce  the  -n^test  wei-hl  of  myc.dmm.  an-l 


ANDFKSO.V    AND    KM  MART 


A  .Ml  NO 


ACIDS   AND    .MKTABOLISAr 


827 


828 


PLANT    rilYSlOLOGY 


AXDKRSOX    AND    KMMART:    AMINO    ACIDS    AND    MKTAHOLISM 


820 


,p  to  the  time  of  the  opeuin,  of  the  eultures.  the  greatest  amount  of  .n-bon 
dioxide  with  the  exception  of  eonti'ol  li. 

Conclusions 
,\t   ,h.  „uls,.t  or  this  oxp.M-inH.nt   it    w.s  rxpoHr,!   .I,nl    c-crlaiu   annno 
„,as  ul,i,.l,  a,v  knoxvn  to  pn,,,,,..  a  sfnnulatio,,  of  n.-tal-ol,.,,,   ,n  an.mals 

„,Hao.,wiUMlH.  l^n,.n..  A^^-o",,,  ..'/x,«.n,.».      It    ,.  a,.|,ar,.,„    !  ,■ 

U,vlthat  ,l,.,v  is  n„  su,.h  srnnnlat„,v  ,.flV,-.  a.  n,..as„n..|  i;,  .aH„,n 
.iH.xia,.  ,,n,an,.,io„.  ,■,,!,,,,■,.  ,.,.nlainin..lu,--.:-,.M,a,no.n„.,.,u,val,.,n,n 
,..;i,,.M.on!..nMu  ,1,,.  .a,-l,on  .!■  tlu.  a.iani  annuo  a,M,ls  stw.u   ,,nM   a.  n,,.,,l  a 

|.,o.lu,-ti.a,  or,-arhon,lioxi,l..astl..s....o,„a,nin,': nna.M.K,      In     l„.,.n,l 

'uhureseontainin,'  aaded  glucose  pnulu.-r  ,nn,-l,  nnnv  .-arhoM  .In.xnl..  than 
do  anv  of  tlu.  .•ultures  eonlainh.!,  an,ino  a.-i,ls.     Asparlu-  a.nl  an,    "ly.-UK. 

are  utilized   bv  the   tun«ius   lor   uif    i»Mn.uv..w..   .-■ 

leucine  and  tyrosine  retard  the  production  of  carbon  dioxuh'. 

All  of  tlu^  annuo  acids  studied  are  utilized  by  the  lun^us  .n  the  produc- 
tion of  mycelium.     With  the  exception  of  leucine  they   are  all  a  better 
source  of  mycelium  buildin<.^  material  than  ,lucose.     Aspart.c  ac.d  ,s  out- 
standing in  its  ability  to  produce  mycehum. 
Pennsylvania  State  College 
State  CoLLi:(iE,  Pa. 
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MISCONCEPTIONS  RELATIVE  TO  THE  MIN- 
ERAL COMPOSITION  OF  PLANTS 

Tim;    recent    jcijm'iv-'    (Hi    a    cum pn i'i-(»n    of   the    per- 

centaUf  c(i!iipo-i!  loii  111'  l!ie  (l;i  IH  Irl  i' »ii  Wltii  ceftaili 
,,tlier  e(lil)|e  plaiil-^  a  I'c  iii(lica1i\c  u[  the  pre\ai('ncc  of 
llie  idea  tliat  liic  luiiiei'al  cdiii  po-il  n  "ii  ol  each  >[»('cu'S 
1,^  ;i  il.xed  •■haiacteii-lic  of  ihat  -pccie-^.  Thi-  cdiici  pt 
IS  a  Icizacv  li'oiii  the  teaching.-,  ol'  Lichi'j;  known  a-^ 
I.iebi^^'.s  *Ma\v  of  the  niininiuin,"'-  Iroin  which  the  dc- 
(liu'tion  was  made  that  the  {)riii('ipal  niiiicral  nutrient 

1  i  \  ..1.  I         ,,.,1,.        ;>.         <./.»-f.>i»i         <l(ifl»llf(i        'Mul 

fixed  proportions  eharaeteristie  of  tiie  .s])e('ios. 

The  inlluenee  ol'  this  eoneept  resulted  in  the  ne^deet 
l)y  tlie  majority  of  those  investigators,  wdio,  as  a 
means  of  dia^niosis,  made  analyses  of  an  entire  plant 
(or  plants)  periodically  during  the  ve^^etative  season 
or  at  maturity,  to  sui)port  the  amilyses  by  reference 
to  the  conditions  -soil,  cultural  and  meteorological — 
under  which  the  ])lants  were  <,^rown ;  and  who  were 
thereby  led  to  conclude  that  the  results  obtained  were 
established  ad  Huircrsum  ct  ad  artcrnam,  whereas, 
in  fact,  analyses  had  been  made  only  of  a  particular 
plant  (or  plants)  ;^'rown  in  a  particular  soil  in  a  par- 
ticular year.  In  this  way  the  extreme  sensitivity,  the 
flexibility  (plasticity)  and  "le  mode  d'alimentation" 
of  a  plant,  readily  recoj^iiized  l)y  the  method  of  foliar 
diaj^nosis,''  wen'  not  (dearly  discerned. 

The  fact  that  has  been  hitherto  and  is  still  at  pres- 
e!it  lost  si^dit  of  is  that  comparison  of  the  (piantitative 

1  H.  P.emictt,  SciF.N'CK.  8(t :  142,  lO.'U;  G.  K.  Voimg- 
burg,   ibid.,   80:    :VM,   V.rM. 

■-;  Walter   Thomas,  RriKXcH.   70:    38L'-:'>H4.    li>L"J. 

3  Walter  Tlioirias,  Sod  Scunrr,  [V.\ :  1  ~'J0,  19:5'J;  and 
tlie  r«'ferences  to  tlie  papers  by  II.  I.a^Mtu  and  L.  Mauine 
cited  therein. 


relations  between  the  elements  during  the  growth  of 
a  particular  species  subjected  to  different  growth  con- 
ditions-cultural and  meteorological— can  not  be  made 
without  a  key  of  interpretation  and  that  consequently 
eomparisons  between  the  composition  of  different 
species  with  resi)ect  to  any  of  the  dominant  or  acces- 
.urv  mineral  clenients  also  can  not  Ix-  mad.'  without 
a  k.'V  of  interi)n"tati(.n.     The  problem  tor  the  future 

is  to  work  this  out. 

Wai.tkh  Thomas 

TlIK    IM.NNSVIA-ANIA    STATE    roiJ.KCK 
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A  Manual  of  Biochf.mistry.  /.  F.  McClemlon,  Professor  of 
Physiological  Chetnistry,  Inivirsity  of  Minnesota  Medical 
School.  First  edition.  John  Wiley  &  Sons,  Inc.,  New  York 
City,  10;U.     vii  +  -Wl  PP      •">><  ''"K-^       ••">  X  -^  ^"i-     «''><><' 

This  hook  is  an  outgrowth  of  iiiiineograi)hed  material  which 
has  apparently  been  used  in  a  course  in  physiological  chemistry 
at  the  University  of  Minnesota  for  some  time.  The  order 
followed  in  this  hook  is  a  distinct  departure  from  the  conventional 
arrangement  found  in  recognized  texts' on  physiological  chemis- 
try. The  greater  part  of  the  hook  concerns  itself  with  elements 
and  compoimds  of  biological  importance,  with  a  discussion  in- 
volving the  function  and  importance  of  i  a("h 

The  l)ook  i^  divided  into  six  j)aris  Pari  I  dcal^  with  physicul 
chemistry  as  rilatcd  lo  l>iol<tgy  and  includes  su*  h  -^ubjeitn  as 
colloids,  catalysis,  calonmetry.  internal  secretions,  and  ionic 
ecpiilibria  Part  II.  which  occupiis  42  pages,  deals  wit  h  inorganic 
elements  and  com[H>un(ls  In  Part  III  the  c»rganic  comixnmds 
of  biological  mtc  rest  are  discussed  Part  I  \'  is  a  bnrf  summarv 
of  foods,  digestion,  metabolism,  and  c  xcretion  Part  \'  is  dev<)ted 
to  laboratory  directions  involving  the  quantitative  determina- 
tion of  important  organic  and  inorganic  constituents  of  biological 
materials.  Part  Vl  is  a  table  of  l.tKK)  elements  and  compounds 
of  importatice  in  biology,  giving  their  molecular  weight.,  melting 
point,  boiling  point,  density,  and  solubility  in  water,  alcohol  and 
ether.  In  most  cases  a  statement  is  included  giving  their  oc- 
currence, use.  or  importance   in   biology. 

One  of  the  features  of  the  book  which  should  prove  of  value  to 
the  student  is  the  citation  of  numerous  references  at  the  con- 
clusion  of  each   subject    discussed. 

One  of  the  things  that  impresses  the  reader  is  the  inclusion  of 
much  material  which  is  not  found  in  other  books  on  physiologi- 
cal chemistry.  This  is  especially  noticeable  in  the  section  on 
inorganic  elements.  The  section  on  iodine  and  its  relation  to 
goiter  is  especially  good.  I''ollowing  the  section  on  the  radio- 
active elements,  considerable  space  is  devoted  to  radiation,  which 
includes  discussions  of  such  subjects  as  radio  and  cosmic  rays. 
The  subject  of  diabetes  and  insulin  is  well  discussed  and  many 
ideas  are  presented  which  are  not  found  in  other  books 

The  section  on  laboratory  work  is  quite  difTerenl  fr<mi  other 
laboratory  guides  in  physiological  chemistry.  All  the  experi- 
ments are  quantitative  in  nature,  and  micro  technic  is  empha- 
sized. Methods  are  given  for  the  determination  of  many  sub- 
stances for  which  methods  are  not  available  in  other  l)ooks. 
Many  of  the  methods  are  new 

Perhaps  the  most  important  criticism  that  can  be  made  of  the 
book  is  the  brevity  with  which  many  subjects  are  dispensed  with. 
In  many  cases  simply  the  name  and  the  chemical  formula  of  a 
compound  are  given,  hrequently  the  discussion  of  a  compound 
is  indefinite  and  fragmentary  and  leaves  one  with  the  feeling  that 
an  enlargement  of  the  discussion  would  make  the  information 
of  more  value  and  interest  to  the  student.  For  example,  on  page 
277  the  following  compounds  are  dispensed  with  as  follows: 
"Nicotine  paralyzes  certain  nerve  ganglia  when  a  highly  con- 
centrated solution  is  applied  to  them  locally."  '  Cinchophen. 
atophan.  is  related  to  quinine.  It  has  been  given  to  patients 
with  gout."  "Quinine  is  used  to  cure  malaria.  Its  use  was  dis- 
covered  by  South   Am  rican   Indians   ' 

On  page  LM>.  specific  dynamic  action  of  protein  is  discussed 
One  is  left  with  the  impression  that  proteins  ahme  have  a  specific 
dynamic  efTcct.  Mention  should  be  made  of  the  fact  that  carbo- 
hydrates and  fats  produce  a  similar  efTect.  On  page  2X7  the 
following  statement  is  made:  The  digestion  of  meat  in  the 
stomach  produces  some  substance  which  cures  pernicious  ane- 
mia." The  writer  feels  that  some  other  term  should  be  substi- 
tuted for  the  word  "cures  " 

To  one  who  is  accustomed  to  teaching  i)hysiol()gical  c  hemistry 
in  the  conventional  manner  it  is  difficult  to  see  how  this  book 
could  replace  the  excellent  texts  which  are  now  available,  h'or  a 
more  general  course  in  bicndiemist ry  it  will  be  useful.  As  a  ref- 
erence book  it  is  t  xcellent  and  should  find  a  place  in  the  library 
of  everyone  interested  in  the  field  of  bimhemistry. 

A.   K.   Anderson 

Tup  Pknnsviaanma  Stati-:  Coi.i.k<;k 
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By  R.  Adams   Dutchtr,   Delta 

\'.\\[[u\{>  Xnii..      M(iiil»irs  111'  lln    !  r:i1criiit\-  liiid  tluir  way  into  all  ])aIl^  '>\    tlir 
\\(irl(l  and    li'ini    lime   Id   tiiiic   tluii    cxjjr iicnrrs   or   la-actions  lia\c   ai)iK-ariil    in 
the  Hi:x.\'.i).\.  It  i^  Willi  ])lcaMiic  that  we  intiodiun-  Troit  smt  |\.  Adam^  Diitc  lai 
,111  1  Iii>  "  liniirc^Mons  ()|    I'.ii  ul  uinicil   ivc-caridi  W  oils  in  *  n  i  niaii)  ."   1  Uirn  ii;  t  lir 
-l»rin,L;  and  -ninnin   oi"   \'>M.   rroU-^-or  iJuirlar  tia\i  ltd  m  l-.nropc  a^,  an  (  )!iti-- 
laciidrr  'Irust   l-\  How  i,\   ilic  (  ail  Si  Inir/  I'ouiidat  ion  and  aKo  a^  rollalioratoi-  i,i 
tlic  liurcau  oi'  (  duniist  r\  and  Soil  s  (,  f  tin    I   ,  S.  h(])ai  tniciit  ol   A'j  ra  ultin  c  ]■  i\  t,- 
nuiutlis  u  n  (    spml   m  (iciinaiiN"  with  side  tri]i>  to  I'laiua',   Austria,   S  wit/i  riand, 
and    Holland,    and    In  id'    \iMts    !,,    >w<d(n,    X'.rway,    and    l'a;,uland.    Duiin'j:    Ins 
st,i\-  ill    l'".ni''])r    lie    intt  r\  ir  w  id    in,iii_\-    scanlisi-.    ami    'joMTnincnt    otiui.ds    Willi 
rclrrcMita-  to  \aiion-,  jilia^is  i,i   (lirni!-lr\    and  1  Jioclirniist  i  _\    nlatiii'^    to  ai'inuj 
lural  and  pnMu-  In  altli  ])i  oMcin-^,  .  .  .  ridi'csv(,r  I  )nt(dit  r  K'co.cd  Ins  undii'jiad- 
uatf  work  at   llir  South   I  'ak^ta,   St.itc  (,  'oljcj,  ,  and  imi  rud  ■  >n  '_:r,iduatc  w  "i  k  a  I 
tlif  s.iiur  insiiintion,  th(    rni\cisit\    (.!    Mis-oun,   I   i!i\  cr.sii)    oi    Miniir-ota,  and 
riii\aT-itv  ol'    I  llinoi>,   1  Ir  has  held  ttarhiii'.'  and  la-scandi  p'  .-it  i'  'lis  at  Sontli   1  )a- 
knta  State  (  oik,  ur,  I   ni\(r-il\   o|    M  issoui  i,  I   ni\ '  i  sii_\   , ,  i'  Illinois,  (  Ire-'.n  A'-^ri- 
nillural  (oIIclt,  and   liiu  n-^-it  \    ot'   M  iiiiies(  ,;a.    lie  mst.dled  the  hi  1st   \ilainiii  re- 
'^eareli   lahoratmx    at    the    rni\irsit\    of    Mininsdta    and    (  anie   !,,    rninsN  iwinia 
State  ('oJK'm    m   l''_'l  a-  head  oi'  the  I  U  iiarHiient  ol"  A'^i  lenltni  al  and  I'.iolo-ieal 
('licniisti  \ .   when    lu     i-   n^.w    loeatid.    Me    was   initialed    li.\     I'llta   eha])ter    (I    ni- 
\ersiiyol'    Missiani)    niti/hrr   Jl,    i'^O. 

\\'iii:.\  a  \  isiior  ri iters  tlic  nutcr  oiUcv  ol  a  (  Imiian  Xaliniial  S<m  ialisl 
iitVuial  lir  Is  iinpia.sscMl  w  iili  lln-  juiiiiltri-  (tf  slogans  and  iii<  »n<Hs  w  liieh 
adorn  tlu-  walls.  (  )iu'  n\  llusc,  wlneli  iiivai'ialil\-  is  plaiaa]  in  die  most 
^''•iispiruoiis  placi'.  reads  as  i'oHdws:  "Man  koniml  nirlil  in  eini^c 
Sarhe  dordiin.  w  < »  rin  ncnrr  Slaal  l:<.'1><'Ui1  \\ir<l."  knady  tiati>laU'd, 
lids  means  "(  )nc  dnts  iKd  coine-  lie  it  I'nr  tlie  solntioii  ot  lii>  o\\  n  ])i(d) 
leiiis  wlirii  a  luw  ^overiiineiU  is  lieiiiL;  creattal."  In  ni\  o])inion.  dii.s 
^l",i^aii  e\|)i(sses  die  si)irit   o  i'  modern  (  iermany. 
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1„  spite  c,f  Ihc  al,..vc-,ncnlione<l  a.l.no.ruion,  I   fmnul  that  busy 

111  si)uc  L  <,>nr1i.M-^    -nul   rcsc'irci   workers  were 

oflicials,  hulustr.al  «-''''^;T-.     =';;%',,     ,  „e  anv  reasonable 

^^'''■'''V't'tbei';  \i  ;:  ::'slV  n  :.tla'n  a^y  pbase  ,„•  .bei,-  w,„-,. 
amount  c.t  tbu    tnn.   '".  ^  .,„•,., ricullural  Imiebeniisl   biler- 

::i::;\:^!:inr:.:;;^i: ;:  ::u>vui:::;;;bbe  beaub.  an..  a.nenu..e. 

X  t  ly  1  cn,leav..,cl  .o  xisil  n.osl  of  ibe  unue,sa,cs  ami  a.ncul- 
U,'  d  Wb  scbools  .here  biocbenncal  work  xyas  ben,,  .lone  but  1 
';,!.,    , 1  lort.n,e  ,o  visit  a  nnn.ber  n,  u.lns.r.al  lab...-:„o,  ,es, 


^( )\  rrniu' 111 


mi'caus. 


li;i. 


I'lrdiriil  i'linn-s,  an"  ,^'--  •■■■■■  _•■  ,  •         r    ,-   r.Tnriiu      I 

l.-nnn    ul.at    I    li:ul    n  aM    pra-r   m   finl.ark)n^    ,.,     (..n    in 
.jHUMlnlnalllu.  ..unirvr.Mi...  an.lMiUn-uual      \>ul.    ,nnnl,K 

.,„,ti,n,niis  ni.nalm!-  aial  Mii-m,^  .n    nn  . 

i   hniiiil  !iU'  .  ..nun  \   In  !'<-■  rem, I 

i.Mfi-ii  lra\rlt'r  ni   i  ,friii;niv    i> 
and   (hirin-   llie  cnliia'   live 

r 


^.  A. 

s,al  )l\    (  Ml  lri'l\- 


!!iiii  in  brdwn  nnilnrni-'. 
and  ([uirt.  (  )nc  ihin-  ilia!   slnkr^ 
il.  .   f-uM   l1riL  iIrtc  art-  no  street   loaurs, 
:,n     s'    i     >     in  wbi.b  1  travele.l  in  (i.rn.an.v  1  saw  no  „.,,,ars  ,,, 

"^^'\  ^     -  ....    'la ,...M-nni.'n1   lias  nianv  devices  to  keq.  its 

evidence  oi    \n>\^i^^.    x...   ,.^ -        ,  ,  ,  r  ,i,,,  r.,,.,  ,k.|1 

,,e.,i.le  fairly  busy  at  various  types  ol  w..rk  regar.lless  .,f  lb.   f.Kt  tl.at 
til, •.■  receive  very  small  eoni|>ensalions. 

'' Vf   u   .     be  universities  a.iively  .-n.age.l  in  ,ea.-lun,  -"';■';-;;•■;  ' 
,„  .,ite  of  tbe   fact  tbal   stu.lenl   registration  bas  been   curtail.;     b) 
,v       mcnt  or.ler.   In  tbe   future  no  young  man  or  w.nnan   w,ll  1. 
■;     ,       1  to  enter  tbe  university  until  be  .,r  sbe  can  submU  evulen.e  t  . 
Itl    t  be  ,n-  sbe  bas  contribute!  .six  montbs  "I   work  on  ass.gn.M 
r:   ects.  Toward  tbis  ...1,  <  ienn.any  bas  est.abbsbe.l  about     n, - 
teen  bun  Ire.l  -.■.rbcits  .lieusl"  or  work  M-rMce  cam,.s.  l-,.acb  ..1   tb.s 
aula    a  c:„„ae,tv  .,f  about  2(l(.  to  22S  men.  Hoys  an.l  young  me 
.;      1;„„.   ,■,,„„     evenU.en   vears  of  .age   to  twentv^hve  nn,s,   spen.lt 
st  s^x  n.mtbs  in  tbesJ  can,ps  before  being  alb.we,    to  ente,     lu 
iversitv  .,r  to  ..btain  em|.lov,nent  i.,  industry  or  wnb  tbe  gove.n- 
U     \ia    c  uU    tbis  ,,ro  ect'  alone  keeps  about  2,^(),()(«    young  njen 
V  at  Cm  wo'rk  wb'i.b- occupies  tb.dr  tinu.  and  .b,.ngbt  ,r.,m     vc 
„■,,;,,,.  in  tbe  UKuabng  until  ten  o'clock  at  mgbt.   11ns  ,s  '' "-'.-u      <  b 
one  of  tbe  reas.ms  wby  tbe  traveler  in  ( iennany  se.s  s-    -v 
,,,,  .,ne,n,,loyc,l  ,,eople  on  tbe  streets.  Space  w,ll  not  j-""     "        .^  J. 
tion  of  other  governnunt  pn-j.-cts  wbud,_accon,pbsb   a  '•'      >^ 

n„se    1  bad  tlu-  pleasure  ..f  visiting  tw,.  .,1  these  arbcl.s  du  »,^/  .amp 
1,  d  an  opp'ort.nnty  to  learn  at  fust  han.l  how  these  voung  m;^ 
are   b.ing  tr.'n.e.l   in   tbe   new    national    socahst    ,,lnlos.,phw    1 

,v  and   nuicli   valuabk'  work 


raini)S  are  scattered  tbnm.^liont  (.ennany_     _  _  ,i..-,,n 

is  luin,^  done  at  a  vcmv  low  cnst  in  tbe  reclaimin,^  ot  waste  land>.  c  nn 
servation  of   inrests,  repair  of  rural  highways,  construction  ol   . 
nnmitv  Imn^ini;  i.n.jects.  and  similar  -..verinneiital  activities. 


a)in- 


The  new 


•  (H-(U-r  has  allected  universily  work  in  a  nunil.er  ..1   ways, 
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some  instilutes  or  departments  bein,^-  more  active  than  usual  while 
other  inslilules  seem  to  he  handicapped  hy  a  lack  of  finances  and 
personnel.  A  short  time  i)rior  to  my  arrival  in  (lermany  (March  9, 
1934)  tin-  government  had  just  ])asse(l  its  anli-vi\  isection  law.  This 
law  aims  to  eliminate  unnecessary  vivisection  work  in  medit-al  schools 
and  biological  laboratories  b\-  re(|uirin,i;-  permits  from  responsibU' 
heads  who  are  lu-ld  responsible  to  the  State  for  any  work  that  mi,^ht 
be  done.  lM)r  ihe  first  month  or  two  it  was  (|uile  evident  that  the  new 
law  had  -a  detrimenlal  effeet  on  many  t\pes  of  research  work'  owm.i; 
I,,  d,,.  fat  t  llial  rrv|Min-^i1)le  beads  of  insliinlt-  w  ei-c  nnwillin-  In  al- 
ii,v^^^-  rxpriMiiriii.ai  \\Mi|,.  tt,  tnnlinnc  nntil  ■\\'-  pi'i'iiiils  wa-re  <>b!anied. 
p,, .,-,,,-,.  ihrtf  iMiMiiM^  bad  rl,i]iv,'d  pcrniils  li:hl  been  i-.-n^-d  In  all  iiii- 
1;,;1„  a-ainries  wilii  lb.-  rr-iill  ibal  inipMrianl  w  (  a'b  *  dnlinncd  as 


])( )i  lan 
u>nal. 


K 


CtM  (  H  s.    \\  I  P  I     I  H  )  h  i     1  /I  IS!  I'll  il 


similar  P  '  ibn-f  lie],]  1  >\    >  i  i|1<l;<-  l  'resi- 


deiits  in  ibis  cnnntr\\  are  .slill  clmseii  for  !un  \rar  ])erinds  b}'  tbe 
nieinbers  of  ihe  umversity  fatiillx  ;  but  tbe  new  Law  re(|uires  that  llie 
fncidiv  nnminale  three  men  in  onler  of  preference,  'fhese  names  rn-e 
siibniilled  In  the  balucational  Minisir\-  which  puis  its  stamp,  ot  a])- 
pn.val  on  one  of  the  three  nominees.  I  obtained  tlie  impression  that 
the  faculties,  or  univt'rsil\-  senates,  nominale  these  men  with  ^reat 
care,  with  the  result  that  choice  number  oiu'  invariably  meets  w  ith  tbe 
approval  of  the  national  socialist  otticials. 

b()I)ular  and  capable  ])rof(.'ssors  who  ran  speak-  wilb  authority  in 
their  fudds  seem  to  have  lar-e  tlasses  in  spile  of  tbe  fact  that  some 
of  them  do  not  meet  wilb  the  comj.lele  a])])r(.val  ^^\  the  national 
socialist  regime,  'fhis  is  a  matter  of  i^real  imporlance  to  tbe  ])rnlessor 
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or  teacher  in  (iernianv,  owin^  to  the  fact  that  his  annua  nicome  de- 
pends to  a  great  extent  on  the  size  of  his  classes,  snice  he  obtains  a 
large  amount  of  the  fees  paid  by  ihe  students 

Whenever  it  was  possible  to  do  so,  T  attended  lectures  ni  many 
of  the  universities  and  high  schools  and  was  nnpressed  with  the  very 
hieh  order  of  the  lecture  demonstrations  conducted  m  morgamc  and 
orii-anic  chemistrv.  When  German  students  approve  ot  a  protessor  or 
his  lecture  or  (U'monstration  thev  show  approval  by  stampmg  thrn- 
fcet    When  the  (  lerman  student  wishes  to  sliow  that  he  does  n..t  ap- 


17 


Irs  Ills  tec!   on 


llu'  lloor. 


ijrovc  lie  shiil... .  ,         . 

WIpK-  In  ileidelbrr:'.  1  un-  mUivMrJ,  tu  Irani  tli.it  ivlni  inim  aiuiniii 
liM  had   alh-ndrd   llu'  iiiiixrrsUv   in   llu'  -i^Mnd   nM   da>  .'     u>ar  ,.„„ 


w 


ir\     I'll] 

li  t  nll\'  to 


plainin-  llial   tho  -.^Mr^r  spnil    is  lapallv  <  iisapprann^. 
plainrdllial  iholnsi   x  .ar  slndrii!  s  u  .,v  a!  imdniL:  Ha^^r^-  i 
the  comidctc  neglect  m    Iralcnnty  lito.  b.  rr.  and  -nii^   UMs  and_  dml 
in<.s.  Thev  complained  bitterly  that  dueling  technuiue,,  m  particular, 

had  deteriorated.  .         ,         ,  ^^,        c  <       \ 

In  manv  casi's  i  ouonnoi  m*.  iiii,'i<. . 

iu-  and  iTScarch  has  been  seriously  atTected  through  the  loss  ot_  many 
professors  and  directors  of  institutes  who  were  known  mternationally 
for  the  excellence  of  their  work.  ^lany.  if  not  most,  ot  these  were 
jews  who  lost  their  positions  as  the  result  of  the  untortunate  metho.ls 
adopted  bv  the  Hitler  rc-ime.  Some  of  these  men  had  lelt  the  country, 
others  had  remained  in  (iermany  and  were  hvmg  on  their  savings, 
while  others  had  been  pensionol  by  the  government  and  were  livm^- 
iu  their  universitv  towns,  (luietlv  but  socially  aj.art.  S<.me  Jewish 
professors  of  international  reputation  still  retain  their  university 
positions,  but  in  nearlv  every  case  it  was  my  observatn.n  that^  then- 
institutes  were  supported  wholly,  or  in  part,  by  tunds  I  n -m  the  Korkc- 

fc'ller  lM)un(lation. 

Some  institutes  had  excellent  j.hvsical  plants  which  were  woikUm"- 
fnllv  ecpiipped.  :\s  a  rule  these  institutes  not  onlv  received  money 
from  the  local  Cerman  states  but  they  also  had  funds  t  n.m  the  .\ot,uc- 
meinschaft  (government  funds)  with  perhaps  s.nue  assistance  h-mn 
Ihe  Rockefeller  h"oundation  or  similar  (.rgani/ations.  (  )ther  institutes 
with  directors  of  prominency  might  be  a  part  of  the  same  university 
and  yet  have  budgets  so  small  that  it  was  imiM.ssiblo  tod.,  really  w.-rtli- 

while  ri'seandi. 

In  most  of  the  univer>ities  an<l  high  schools  1  found  tliat  the  re- 
search programs  were  being  couductc-d  along  the  same  hues  as  m 
previous  vears.  In  other  wonls.  1  was  unable  to  tmd  that  the  new 
Government  had  ha<l  anv  great  inlluencr  ..n  the  research  program. 
Some  laboratories,  particularly  those  in  agricultural  high  schools, 
were  conducting  new  i.n.ieds  at  llie  rc(|nrst  ..f  thrir  l..c;d  slates  oi 
at  the  recpiest   ot'   the   government.    .Ml   of   these   projects,   naturall}. 
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were  pointed  toward  making  (icnnaiu-  sel  t  sustaining  as  soon  as  pos- 
sible. Such  i)i"ojects  were  aloiiL;  the  line  of  soil  and  oro])  im])rove- 
nient,  imi)ro\ement  of  food  e.pialitx'  and  fjuantity,  a  searcdi  for 
cheaper  sources  of  fertilizer  materials,  the  utilization  ol  cheap  by- 
products, the  improvement  of  brc-ad  wheat  and  other  cereals,  the 
production  of  oil  bearing  see.ls.  the  utilization  of  ])eat  as  a  substi- 
tute for  farm  manure  in  building  up  tho  organic  (-oinposilion  of  sandy 
soils,  and  man\'  other  similar  ])roiccts  which  ha\'e  to  do  w  ith  increased 
food  i)roduction.  1  was  infoniie(l  b\'  the  agi"iciillural  ininisliw  that 
('i('rnian\  \\asalrrad\  (i\cr  pi'(i(|ncrd  nn  pi:rK'.  wlic.at.  and  v\r.  Snnic 
v,-r\  r\(i!!'Mi  rt-^rari!i  \\<m1,  : -,  '  u  m:;  i  li  mic  m  1  ho  aioa;  nil  nral  fxptn 
inciit  St  al  li  Ml-  and  aLO!*  nil  tn  a  i  Iniji  ->  In  h  .Is  ( i !  (  iioiiia  ii  \  bnt  n  p  '-1  n  i 
this  \\i»rl\  is  aliai'^  snil  and  i  V'>]>  inipn  i\  ii  i  m  i 't  loo--,  ll  i -.  no;  iiiipres- 
si(i]illia;  \\  (■  sii  1  ]  la^--.  '  Moa  na  ii\"  m  nian\  Ipld-'n  agriiail!  nrai  rcst-a  i"i  li 
;!ii(l  liial  !li«-\  can  Irani  ninJi  n'Mii  n--  Ph1;i\  ii-ardni:^  llic  jo'aili'al 
aj.phcatioiis  of  si  imlilic  hk  lliods.  'i  Iha  aro  jiisl  .aw.akciiiiiL:  1o  tlu-  im- 
portance of  more  researcdi  work  aloiiL;  dair\'  and  honicnllnral  linos, 
and  ])articularl\-  in  the  fiold  of  jdant  i.atholo^w  \\  hilo  tluw  art,'  far  in 
advance  of  us  in  tho  a|)plicalion  of  thoorotical  organic  chemistr\-  to 
main'  agricultural  ])robloms.  we  aro  o(piall\'  far  a«lvancod  in  the  a])- 
plication  of  scientilic  ])i-inci])les  to  agricultural  practice,  ddiis  is  true 
in  the  lield  of  human  and  animal  nutrition,  and  particularl}'  in  the 
field  of  \itamin  therapy.  The)'  are  just  beginning  to  apprei'iato  the 
valne  of  more  milk  in  the  diet  of  tho  growing  child,  and  1  was  inter- 
ested to  seo  that  it  rotpiired  considerable  ])ropag.anda  on  tho  part  of 
tho  go\ennncnt  to  make  the  j»oop1e  approoiale  the  fact  that   milk  is  a 


Panorama  of  Heidolbcrg  looking  toward  the  Neckar  River  from 
the  Grounds  of  the  Old  Castle. 
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v'lluablc  and  ncccssarv  article  of  tlic  dailv  dirt.  T  saw  a  -ovcmment 
propaganda  fdm  at  tl.c  Wintcr.artcn.  l>..r]in,  wbi.h  not  onlv  sbow.l 
l.c  pn1)lic  tliat  mill<  was  a  .ond  food  tnr  l.alncs  and  ,^rowin,,  c  n  dren 
but  at  tlic  end  of  the  film,  a  1.i^^  Imrlv  policeman  pnrchase<l  and  drank 
,  ,iass  of  ndlk  to  show  the  people  that  it  was  no  Inn.^er  a  l>;d.y  fo|Kl. 
Dr  Mangold,  nninent  nutrition  worker  in  l>.er  ni,  infnnned  ,ne  that 
he  had  had  the  nnnsual  experience  n..t  many  days  l.elore,  of  see.n,^ 
a  (h-iver  of  a  l)eer  wa-on  drive  np  to  a  dairy  store  and  purchase  a 


i;  ^ 


\  nMik;'. 


K  (if  ;i  I'nndaiP.'Hi  ;il  :iiii 


(  icniiMnx'  s  kii'L;*' 

1 'Ml  I  dill  i  11  ii^  ;t!! 
)ia'' 


olass  of  milk'. 

1  had  \hr  privilcire  of  xi-^ilin-  1 
pdlasli  cxpMi-tin-  <\ndi.  a!r.  and   1 
,Mi,,r:n.aiMmm].rr..t  a- i  iniltnral  pm,, 
liral  nature.   Xalnrallv   all   ni    iluar  rxiu-nnunia 
.hictinnhn.-.  wilhllu-virv,    nnn-dn-m,  plain  s  m    1  ..n  .r  M'-ai.  v  aiM 
\a„titv   d-hevinfnrnu-dnu-llK.t  nmM  nf  llinr  rxp.nmmlal  u-akat 

Indies.   1  also  naa 
(  lernian 


\\  (  I  Tin 


a 


a 'J 


a  I'll 


(lua 


the  pre'sent  time  is  confined  to  "improvcl  .piality     sumies 
the  deli.^htful  experience,  as  their  -uesl.  to   visit   a   tvpical 

potash  mine.  .         ,  •  i    t     •  •.     i  •     r- 

Amom^theother  industrial  laboraK.nes  which  1  visitrd  in  Cennany 

were  the  Scherin-Kall.aum  i)lant  in  lU'rlin.  and  the  Merck  plant  m 
Darmstadt.  These  manufacturing  plants  are  devoted  to  the  manntac- 
ture  of  l.iolo-ical  products  and  chemical  an<l  pharmacrntical  i^rodiicts. 
The  research  work  hein-  conducted  in  the  laboratories  ol    these  in- 
dustrial or^anizati..ns  is  of  a  verv  hi,h  order.  1   w:is  interested  par- 
ticularlv  in  the  work  on  the  sex  h..rinones  bv   I  )r- .Schorller  andlii^ 
staff  at'the  Scherin-Kalbaum  laboratories  in  lU-rlin.    Ihrv  have  i-. 
bated  the  male  and  female  sex  hormonrs  from  urme  and  ihrsr  haxr 
been  obtained  in  crvslalline  form  and  their  con^tilntiou  or  conliuura 
tinn  have  been  determine.].  The  male  hormone  has  the  rmpmca    tnr- 
mula  r,,TT.„0..  while  tlie  female  hormone  has  the  lormula  ^  ,Jl_/  '.■ 
Dr    Schoeller  infornual  me  that  their  structure  is  (iuite  siimlar.  bnth 
of  'them  beim^r  related  to  1-Keto.  1-2-.V4  tetiahvdroplunanlhreiie.  lie 
also  informed  me  that  tlie  male  hormone  cnukl  be  increased  m  potciirx 
about  five  times  bv  submitting  it   to  hvdro,i.u-nation  under  presMiir. 
1  al^o  had  the  ].leasure  and  privile-e  of  havin-  the  Asclduam j.rcu- 
nancv  test  demonstrated  for  me  by  I'n.fes.or  .\srlihrnn  himselt.  1  hi^ 
test  is  carried  out   on   ovareclomi/ed   mice,   which   arc   miecte.l   wnu 
the  suspected  urine.   I're-nant   urines  cause  e-trus   and   certain_  vcr^ 
definite  i)hvsiolouical  clian-es.  Dr.  Aschheim  al^o  -ave  me  the  nitn- 
estini^  information  that  he  had  extracted  materials  1  n.m  i.eat.  bn.un 
coal'and  i.etr<.lcaim  which  had  definite  est  ru- i.roducm-  rllects. 

Tt  is  impossible  to  describe  all  the  interest  in-  cxiu'nmental  w'mK 
that  I  saw.  nor  is  it  i.ossible  even  to  mention  the  more  imi.ortaiit  u  (»rk 
in  all  of  the  universities  and  hi.^h  sch..ols  tliat  1  visited.  1  am  there- 
fore takin-  the  libertv  to  i.ick  out  a  few  of  these  institutions  m  or-lci 
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to  give  the  reader  some  idea  of  the  tyi)es  oi  researeli  proj^rams  wliicli 
are  hein^;  conducted   in   typical   (ierman   universities   at   the   jjresent 

time. 

I  found   that    I'rofessor   I'anil   Abderhalden,  at  tlie   University  ot 

Halle,  was  conducting;-  a  very  active  researeli  pro<;ram  alon<;-  lines 
which  liave  made  tliis  laboratory  famous  in  the  past.  \)v.  .\ljderhalden 
and  his  students  are  continuinj;-  their  work  on  the  chemistry  ol  pro- 
teins, tlie  .synthesis  of  pei)ti(ls,  and  on  the  isolation  and  identiiication 
f  specific  prote()l\tic  en/}ines  and   their  action,    lie  is  carr}in^  on 


les 


I)      _ 

some  ver\'  siLMiificant  \\or]<  on  the  intia  rela1ion^]li])  betwaaai  hormoiK 

.,,,,!    \itaiii!'i^   and    tin     inlhan'e    (if    \ila,;niii    1'    nn    1  cjod   !,<  jii.^unipt  ion 


111  naaao'  aa-. 


ad   1 1  a '    a 


■  i  il  I  res!  iii'.j    i-Npnuaai'    in    Mnnieli    mI    innM  \  aw  iiili    Inrre 

'■  imIkm", 


I'aniiiiis     X<Mi<a     pri/e    wiiiiai--;    naiiulv.     I  I'l  n  (■>.><  ir>     llan> 
1  ](.■;]  11  a  b  W  i'  find,  and  l<  a  lia  i  d  W  iib-1  a  i ;  <  r.   1  'i'  .fessi-r  kiselua-  i-  m  ai 
liiiiiiiiL:   hi'-   la-carel)    wurls    lai    llic    |»lant    and   blood   pi-na  nU,   and   be 
had  a  lar,L;e  number  of  .students  and  assistants  wanking  on  pigment  re- 
seaiH-li.  hemiii,  sxnthetic  pxriads.  and  similar  chenfuaal  snbstaiu-es. 

1  he  Tiiird  i\eicii  lias  !iad  no  appaieiii  eiieci  on  ihe  leM.mii  jcro- 
^rani  of  Professor  W'ieland,  \nr  I  found  that  he  .and  his  assistants 
.were  still  workin,^  on  oxidation  chauL^es  in  livin,^  cells,  isolation  of 
metabolic  b\-prodncts.  and  the  intermediate  steps  in  various  oxida- 
linii  reactions  and  other  ])roblems  relatim;-  to  his  theory  ot  cell  respira- 
lii)n.  lie  was  also  doin<;  work-  on  the  respiratory  en/\ines.  the  s\nthe- 
sis  of  biolo.L;ical  compounds  of  various  t\pes  as  well  as  the  isolation 
and  idt'iUification  of  tlie  toad  ])oisons. 

I  was  interested  particularly  in  this  institute  f(»r  it  was  here  that 
lu.sliis  \'<»n  Liebi.n  terniinated  his  active  career  as  I)ircator  ol  tlie 
Institute,  lie  was  succeeded  by  \'on  I'.aeyer.  and  \  on  I'aexcr  was 
.Muceedcal  bv  Willstatter.  Professor  WillstattiM-  retina]  a])onl  nm<' 
vear  a,L;o  and  was  succeeded  by  Professor  \\ielan<l.  Wielaiid  lias  set 
aside  and  dedicated  a  laboratorx'  in  tlie  institute  which  is  known  as 
the  Wdllslalter  Paboiators .  and  although  Professor  Wdllslatter  has 
not  eiiter(al  this  laboratory  since  he  retina]  nine  years  a,i;o,  his  stu- 
dents still  ha\e  the  ])ri\ile,'4e  of  workini;  on  liis  problems  in  the  in- 
stitute. I  had  the  dcdi,L;litful  (.•xperieiice  of  li;iviii,i;  lea  at  I'rolessor 
Willslatler'.s  home  and  1  found  that  he  is  not  only  an  authority  on 
eluinistrx.  but  he  is  wcdl  known  as  a  i;rower  of  rosi'S.  lie  showed  me 
with  parlicular  pridt'  a  beautiful  rose  wliicli  has  \k-vu  devel(»ped  in 
recent  \cars  and  is  known  as  the  ]\icliard  \\  illstaller  l\ose. 

I  found  that  Dr.  Carl  iM-eudeiiberi;.  Direct.u"  of  the-  Institute  of 
flieinistr\-  at  the  rnivcasity  of  1  fei(le]l)eri;,  had  a  very  interestin.!^^ 
and  varied  re.search  program,  ddiis  institutt'  liad  oma'  bi-en  headed  1)\- 
I'lmseii.  whose  old  laborator)'  is  still  ])reserv(,al  just  a>  it  wa>  when 
he  worked  in   1  leidelberj.^^   Pnnsen  was  siua-eeded   by   \iet(»r   Mexer, 
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had  been  directly  affected  bv  Hitler  personally.  Hitler  does  not  use 
tnhacco  or  alcohld  in  any  form  and  he  is  disconrai^ini;  the  use  of  al- 
cohol and  tobacco  bv  Cerman  voutli.  In  their  enthusiasm   for  their 
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leader  the  v.-un^'  people  of  Germany  are  endeavoring-  to  be  as  much 
U^e  him  as' pos^illle,  with  the  resuh  that  it  is  rather  niuisnal  to  see 
trnr  oun,  people  eonsnmin,  wine  or  1,eer.  1  his  attitude  on  the 
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SOME  RECENT  TRENDS  IN  VITAMIN  RESEARCH' 

R.  ADAMS  DUTCHER 

Department  of  Agricultural  and  Biological  Chemistry,  The  Pennsylvania  State  College 

THE  invitation  to  address  your  annual  meeting  came  to  me  in 
Berlin  last  July  just  rs  I  finished  a  five  month  scientific  pilgrimage 
to  many  of  the  research  laboratories  of  (Germany  and  neighboring 
countries.  1  have  chosen  to  discuss  a  number  of  different  phases  of  pure 
and  applied  research  which  in  my  opinion  indicate  the  direction  in  which 
vitamin  investigations  are  pointed  at  the  present  time. 

The  past  two  years  have  been  most  productive  in  several  lines  of  work, 
particularly  with  regard  to  the  application  of  organic  chemistry  and 
physics  to  the  solution  of  fundamental  problems  of  vitamin  determina- 
tion, isolation,  purification  and  configuration.  Much  excellent  work  has 
also  been  done  on  the  clarification  of  questions  regarding  vitamin  function 
and  further  steps  taken  to  arrive  at  workable  international  standards  of 

vitamin  unitage. 

Commercialization  of  vitamins  has  increased  at  a  surprising  rate. 
For  the  first  time  in  history  a  vitamin  has  been  synthesized  in  the  labora- 
tory and,  in  the  course  of  a  few  months,  has  reached  a  stage  of  commercial 
production  where  the  manufacturer  speaks  of  its  yield  in  terms  of  kilo- 
grams and  pounds  instead  of  grams  and  ounces. 

With  improved  methods  and  techniques  and  with  the  use  of  natural 
and  artificial  anti-oxidants,  vitamin  concentrates  are  being  increased  in 
potency  and  stability.  Foods  of  many  types  are  being  fortified  and 
supplemented  with  vitamins  in  various  forms  and  by  various  methods. 

The  pediatrician,  dietitian,  food  control  official  and  nutrition  worker 
are  confronted  with  new  and  baffling  problems.  Questions  are  raised 
by  laymen  as  well  as  scientists  regarding  the  respective  merits  of  natural 
and  artificial  proprietary  vitamin  sources  for  various  purposes  and  needs. 
Not  until  the  facts  revealed  by  animal  experiments  can  be  more  intelli- 
gently translated  into  human  values  will  it  be  possible  to  evaluate  from 
a  quantitative  standpoint  much  of  the  excellent  work  going  on  at  the 
present  time.  Sufficient  work  has  been  done  with  the  higher  animals 
and  also  in  hospitals  and  clinics  to  know  that  many,  if  not  most  of  the 
conclusions  drawn  from  experiments  on  laboratory  animals  can  be  applied 
in  principle  and  in  a  qualitative  way  to  human  beings  and  to  domesti- 
cated live  stock.     Only  occasionally  do  we  find  that  the  higher  animals 

^  Presented  before  the  American  Dietetic  Association,  Washington,  I).  C,  October  17, 
1934. 
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deport  themselves  in  a  physiological  manner  which  differs  fundamentally 
from  that  of  the  lower  animals. 

The  response  of  the  medical  profession  to  the  work  of  those  in  the 
field  of  small  animal  experimentation,  and  the  extent  of  the  clinical  re- 
search work  projected  with  the  view  of  clarifying  many  questions  which 
have  awaited  translation  into  terms  of  human  health  and  welfare,  is 

gratifying. 

A  siniihir  tendency  has  manifested  itself  in  the  field  of  domestic  animal 
experimentation  and  practical  feeding.  We  are  Ix^ginning  to  find  that 
the  veterinary  ])r()fessi()n  is  able  to  utilize  the  tindings  of  small  animal 
research  in  the  alleviation  of  many  of  the  nutritional  disturbances  in 
domesticated  animals  and  in  wild  animals  in  captivity.  Farmers  and 
criVnticf;  who  rloal  with  expensive  and  highlv  bred  live  stock,  have 
utilized  many  of  the  discoveries  which  originated  in  studies  with  small 
animals,  and  have  made  interesting  scientific  and  practical  applications 
in  the  live  stock  field. 

The  desire  for  the  application  of  fundamental  laboratory  discoveries 
is  so  great  at  the  present  time  that  an  announcement  of  a  new  discovery 
is  followed  almost  immediately  by  clinical,  industrial  and  field  tests 
along  practical  lines. 

It  is  equally  significant  that  chemical  and  biological  laboratories  can 
now  be  found  in  many  industrial  manufacturing  plants  in  almost  every 
civilized  country  of  the  world.  Manufacturers  of  many  foods  and  of 
biological  products  now  maintain  their  own  vitamin  testing  laboratories, 
and  where  five  years  ago  there  were  in  this  country  but  two  or  three  com- 
mercial consulting  laboratories  equipped  to  conduct  vitamin  testing, 
there  are  now  several  of  these  laboratories  scattered  from  the  Eastern 
seaboard,  through  the  Middlewest  to  the  Pacific  coast. 

A  few  state  bureaus  of  food  and  feed  control  have  already  established 
their  own  vitamin  testing  laboratories  and  all  signs  point  to  the  necessity 
of  other  states  following  their  example  in  the  not  distant  future. 

These  it  seems  to  me  are  some  of  the  general  trends  and  tendencies 
which  are  the  direct  result  of  vitamin  research  of  the  past  few  years.  We 
will  give  a  brief  resume  of  a  few  of  the  actual  research  problems  of  the 
past  two  years  which  are  certain  to  influence  and  modify  our  ideas  re- 
garding foods,  food  values  and  dietetic  practices. 

Vitamin  A 

In  1927,  H.  von  Euler  of  Stockholm  established  the  fact  that  pure 
carotene  (C4nHB6)  produced,  in  vitamin  A-deficient  rats,  a  type  of  physi- 
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ological  response  which  seemed  to  be  identical  with  that  produced  when 
vitamin  A  concentrates  are  fed.  This  work  was  followed  shortly  by  the 
researches  of  T.  Moore  of  England,  who  not  only  verified  the  work  of 
von  Euler  but  proved  in  a  most  interesting  and  conclusive  manner  that 
carotene  is  catabolized  in  the  tissues  with  the  formation  of  vitamin  A. 
As  a  result  of  these  and  subsequent  researches,  carotene  is  now  rc^cog- 
nized  as  a  precursor  of  vitamin  A  and  referred  to  as  a  "provit;iniin." 

Brilliant  researches  on  the  plant  pigments  by  R.  Kvihn  of  Heidelberg 
and  by  Paul  Karrer  of  Zurich  have  done  much  to  ehirify  our  ideas  re- 
garding the  properties  and  configuration  of  the  carotenes  and  of  vita- 
min A- 

Kuhn,  collaborating  with  Brockmann  at  Heidelberg  and  with  A. 
Schcuneil  at  Leipzig,  has  concluded  that  ordinary  crystallized  c^rr^in, 


lllZ^WVl      Cc*,!  V.»  CV^li\_ 


often  contains  three  isomeric  carotenes  (known  as  a,  (3  and  y  carotenes) 
all  of  which  possess  identical  qualitative  effects  on  growth,  xerophthalmia 
and  the  sexual  cycle.  From  a  quantitative  standpoint,  however,  /3 
carotene  is  about  twice  as  potent  as  the  a  and  y  forms. 

It  is  quite  clear  that  /?  carotene  consists  of  two  (3  ionone  rings  united  by 
a  series  of  conjugated  double  bonds.  The  isomeric  carotenes  difTer  only 
in  the  configuration  of  the  terminal  structures. 

Karrer  has  established  the  configuration  of  vitamin  A  and  all  evidence 
points  to  the  fact  that  two  molecules  of  vitamin  A  are  formed  from  one 
molecule  of  carotene,  while  the  unsymmetrical  a  and  y  forms  yield  but 
one  molecule  of  vitamin  A.  When  I  was  in  Karrer's  laboratory  last  May, 
he  informed  me  that  he  was  attempting  to  synthesize  vitamin  A  in  the 
laboratory  but  that  the  problem  was  fraught  with  many  difficulties.  He 
stated  that  he  had  been  able  to  add  some  of  the  double  bonds  to  the 
polyene  chain  but  that  he  had  been  unable  to  add  the  terminal  un- 
saturated groupings,  owing  to  the  instability  of  the  chain. 

Kuhn  states  that  he  is  convinced  that  six  provitamins-A  are  known, 
the  naturally  occurring  carotenes  referred  to  above  and  three  derivatives 
of  (3  carotene:  /3  oxy-carotene,  /3  carotene  oxide  and  semi-/:^-carotenone. 
To  my  knowledge  the  above  represent  the  most  recent  trends  so  far  as 
the  chemistry  of  vitamin  A  and  the  carotenoid  pigments  is  concerned. 

Evidence  has  accumulated  which  throws  further  doubt  on  the  clinical 
value  of  vitamin  A  as  a  general  anti-infective  agent.  While  it  is  an  es- 
tablished fact  that  membrane  tissues  show  a  characteristic  breakdown  in 
vitamin  A  deficiency,  it  is  doubtful  if  clinical  evidence  exists  to  show  that 
tissue  recovery,  after  vitamin  A  therapy,  bears  a  definite  relationship  to 
cessation  of  clinical  infection.     From  a  theoretical  standpoint  heavily 


secreting  normal  membrane  tissues  should  offer  less  opportunity  for 
bacterial  invasion.  (V)nversely,  tissue  breakdown  followed  by  lessened 
mucous  secretion  should  offer  a  better  opportunity  for  infective  organisms 

to  obtain  a  foothold. 

The  discovery  that  carotene  contributes  to  the  vitamin  A  potency  of 
foods  has  stimulated  many  other  types  of  research,  one  of  which  is  the 
part  played  by  (arotene  in  the  vitamin  A  potency  of  butter  fat.  Hau- 
mann  and  Steenbock  at  the  University  of  Wisc'onsin  are  of  the  opinion, 
that  85  JHT  cent  of  the  total  vitamin  A  potency  of  butter  fat  is  due  to 
vitamin  A,  prr  sr,  while  but  15  |)er  cent  is  due  to  the  pigment  carotene. 
This  is  in  close  agreement  with  the  findings  of  Kon  of  Kngland  who  in- 
formed me  that  his  data  indicate  that  the  amount  of  vitamin  A  is  approxi- 
mntelv  seven  times  that  of  the  carotene  ordinarily  present  in  normal, 

well  colored  butter  fat. 

It  is  a  matter  of  common  observation  that  breeds  of  dairy  cattle  can 
be  classified  according  to  their  ability  to  produce  yellow  butter  fat.  The 
Guernsey  and  the  Jersey  breeds  are  renowned  for  their  ability  to  produce 
a  highly  pigmented  butter  fat,  while  Holstein,  Ayrshire  and  Shorthorn 
breeds  produce  a  butter  fat  which  is  much  less  rich  in  color,  in  spite  of 
the  fact  that  the  various  breeds  may  have  been  fed  identical  dairy 

rations. 

It  was  a  natural  consequence  that  breeders  of  the  so-called  ''pig- 
mented" breeds  of  dairy  cattle  should  ascribe  added  nutritional  virtues 
to  the  carotene-rich  milks,  just  as  soon  as  research  laboratories  began  to 
emphasize  the  fact  that  carotene  had  the  properties  of  vitamin  A. 

During  the  past  two  years  a  number  of  laboratories  have  attempted  to 
answer  the  question :  "Does  one  dairy  breed  possess  physiological  powers 
not  possessed  by  another  dairy  breed  so  far  as  vitamin  A  excretion  is 

concerned?" 

Sutton  and  Krause  of  Ohio  concluded  that  Holstein  butter  fat  was 
richer  in  vitamin  A  than  Guernsey  butter  fat,  in  spite  of  the  fact  that  the 
latter  is  richer  in  carotene.  They  found  that  the  carotene  content  of 
butter  fat  from  the  various  breeds  was  in  the  ascending  order:  Ayrshire, 
Holstein,  Jersey  and  Guernsey.  While  pasture  feeding  enhanced  the 
color  of  butter  fats  of  all  four  breeds,  the  relative  order  of  color  values 
remained  the  same. 

Hathaway  and  Davis  of  Nebraska  have  studied  the  same  problem,  but 
have  used  standardized  creams  as  their  source  of  carotene  and  vitamin  A. 
They  concluded  that  the  total  vitamin  A  potency  of  Holstein  cream  is 
somewhat  higher  than  that  produced  by  the  Guernsey  breed. 
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Wilbur,  Hilton  and  Hauge  of  Indiana  could  detect  no  significant  nu- 
tritional differences  when  butters  from  Holstein  and  Guernsey  cattle 
were  tested  for  vitamin  A  content.  Similar  results  have  been  reported 
by  Kon  and  Booth  and  by  Watson,  Bishop,  Drummond,  Gillam  and 
Heilbron  of  England. 

At  the  Pennsylvania  State  College,  Guerrant,  Harris  and  I  have  been 
studying  this  problem  with  the  cooperation  of  Hcchdel  and  Shaw  of  the 
Department  of  Dairy  Husbandry.  In  our  work  we  have  departed  from 
the  procedures  described  above;  instead  of  feeding  butter,  butter  fat  or 
cream  we  have  used  fresh  milk,  fed  at  various  levels.  Our  investigation 
has  been  under  way  for  two  years  and  the  work  has  been  attended  by  a 
feeling  of  uncertainty  owing  to  the  pronounced  variability  among  in- 
ividuals  of  the  same  breed.     At  the  present  time  our  results  do  not 
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seem  to  show  significant  breed  differences,  so  far  as  the  total  vitamin  A 
potency  of  Holstein  and  Guernsey  milks  is  concerned,  when  data  are 
calculated  on  the  basis  of  the  vitamin  A  units  per  gram  of  butter  fat. 
When  data  are  considered  solely  from  the  standpoint  of  milk  potency, 
there  is  evidence  that  the  Guernsey  milks  are  appreciably  superior. 

It  is  evident  that  the  "poorly  pigmented"  breeds  (such  as  the  Holstein 
and  Ayrshire)  possess  a  very  efficient  carotene-converting  mechanism 
with  the  result  that  they  excrete  less  carotene  in  the  milk  and  more  of 
the  colorless  vitamin  A.  On  the  other  hand,  it  is  probable  that  the 
Guernsey  and  Jersey  breeds  store  more  carotene  in  their  tissues  and 
excrete  more  of  this  pigment  in  their  milk  because  of  their  inability 
to  catabolize  large  amounts  of  this  pigment.  If  this  is  true,  Guernsey 
and  Jersey  milks  should  owe  a  larger  proportion  of  their  vitamin  A 
potency  to  carotene  and  a  smaller  proportion  to  vitamin  A,  per  sc,  than 
is  the  case  with  the  Holstein  and  Ayrshire  milks.  We  hope  to  find  an 
answer  to  this  question. 

We  have  finally  proved  to  our  own  satisfaction  that  carotene  is  not 
assimilated  satisfactorily  by  the  rat  when  this  pigment  is  fed  in  the  pres- 
ence of  mineral  oil.  When  butter  fat  is  fed  at  "threshold  levels"  as  the 
sole  source  of  vitamin  A,  animals  will  live,  maintain  body  weight  or  grow 
slowly  and  show  no  signs  of  xerophthalmia.  When  the  same  levels  of 
butter  fat  are  fed  in  the  presence  of  small  amounts  of  mineral  oil,  the 
animals  die  with  the  usual  symptoms  of  vitamin  A  deficiency.  Similar 
results  are  obtained  when  pure  carotene  is  fed  as  the  source  of  vitamin  A. 
When  non-pigmented  cod  liver  oil  is  fed  in  the  presence  of  mineral  oil, 
assimilation  of  vitamin  A  seems  to  be  quite  satisfactory.  When  mix- 
tures of  carotene  and  mineral  oil  are  fed  at  various  levels,  pigment  ex- 
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cretion  in  the  feces  increases  as  the  carotene  dosage  becomes  larger.  We 
have  attempted  to  explain  these  results  on  the  theory  that  the  unassimi- 
lated  (hydrocarbon)  mineral  oil  possesses  a  preferential  solubility  for  the 
hydrocarbon  carotene,  while  the  lipoidal  or  sterol  containing  intestinal 
fluids  possess  a  preferential  solubility  for  the  sterol  vitamin  A,  thereby 
removing  vitamin  A  from  the  unabsorbed  mineral  oil. 

These  lindin^^s  are  Uir<,a'ly  of  academic  interest.  Huniiin  l)einp;s  who 
use  mineral  oil  as  an  intestinal  lubricant  have  little  reason  to  be  con- 
cerned for  the  reason  that  mineral  oil  is  usually  ingested  several  hours 
•liter  the  meal  has  di^^eslrd  and  after  considerable  absorption  ot  nutrients 
has  taken  place.  It  is  possible  that  salad  dressings  made  of  mineral  oil 
may  prevent  some  carotene  utilization  but  these,  I  am  informed,  are  sold 

Vitamin  B  (Bi) 

An  increasingly  large  literature  on  the  B  vitamins  has  accumulated 
during  the  past  two  years.  It  seems  evident  that  some  of  the  crystalline 
preparations  of  vitamin  B  (Bi)  which  have  been  described  by  Janscn  and 
Donath,  Peters  and  coworkers,  Windaus,  and  Ohdake  are  identical  sub- 
stances, although  workers  are  not  yet  agreed  that  these  crystalline  prod- 
ucts are  completely  uncontaminatcd. 

Windaus  of  Germany,  Ohdake  of  Japan  and  Van  Veen  of  Batavia  have 
shown  that  crystalline  vitamin  B  preparations  all  contain  sulfur  and  this 
has  been  confirmed  by  other  workers.  Most  workers  are  agreed  that  the 
molecule  contains  twelve  carbon  atoms  and  one  sulfur  atom,  but  the 
other  atomic  constituents  have  not  been  established'  with  certainty.  The 
following  formulae  have  been  suggested:  W^indaus,  Ci.HiTONaS;  Van 
Veen,  C10H1CO.2N4S;  Ohdake,  r,2H2uOoN4S. 

Windaus  of  Gottingen  informed  me  last  July  that  he  had  good  evidence 
that  the  sulfur  present  in  the  vitamin  B  molecule  is  in  the  form  of  a  sulfo- 
pyrrol.  He  is  inclined  to  believe  that  the  sulfur  atom  is  combined  as 
in  (1)  but  stated  that  it  is  possible  that  formula  (2)  may  be  correct. 

H2C  c—  lie c— 


S--C 


CH 


H— S  -  C 


C— H 


x\H 

(1) 


NH 


(2) 


While  it  is  dangerous  to  speculate  regarding  the  relation  of  configura- 
tion and  constitution  to  physiological  action,  one  wonders  whether  or 


482 


JOURNAL   OF   THE   AMERICAN   DIETETIC    ASSOCIATION        [Vol.  X 


not  this  vitamin  may  owe  some  of  its  properties  to  the  oxidative-reductive 
properties  of  the  sulfur  present. 

Peters  and  coworkers  at  Oxford  have  contended  that  the  oxygen  up- 
take of  brain  tissue  of  pigeons  afflicted  with  vitamin  B  deficiency  is  lower 
than  that  of  normal  brain  tissue.  Theories  are  advanced  that  this 
vitamin  may  act  as  a  co-cnzymc  in  an  oxidative  enzyme  system,  but  the 
whole  problem  is  affected  by  so  many  variables  that  1  merely  call  atten- 
tion to  its  interesting  potentialities. 

X'lTAMIN    Cj    (B2) 

Prior  to  1933,  little  progress  had  been  made  relative  to  the  chemistry 
of  vitamin  G  (Bo).  In  that  year  Richard  Kuhn  and  associates  of  Heidel- 
berg  maoe  liie  lULereblmg  cLiiiiuuucLmcuL  ciiaL  cIal.  ovj  ^^^i^^  ^j^^^ni^ii..^^ 
or  (lavine  pigments  had  been  isolated  in  crystalline  form  and  that  these 
pure  crystalline  products  seemed  to  possess  properties  similar  to  if  not 
identical  with  vitamin  G  or  B2.  These  flavines  have  been  prepared  from 
milk  whey  (lacto-flavine),  liver  (hepo-flavine)  and  eggs  (ovoflavine). 
Kuhn  informed  me  that  (after  three  crystallizations)  it  was  possible  to 
obtain  50  milligrams  of  ovoflavine  from  50  kilograms  of  dried  egg  al- 
bumin, which  represents  the  albumin  from  about  17,000  eggs.  From 
3000  liters  of  cows'  milk  he  was  able  to  obtain  60  milligrams  of  lacto- 
flavine. 

A  chemical  study  of  these  flavines  indicated  that  they  all  have  the 
empirical  formula  C17H2CN4O6.  Absorption  spectra  of  the  different 
flavines  were  practically  identical  and  mixtures  of  the  crystals  from 
different  sources  gave  no  depression  of  the  melting  point. 

He  found  that  a  portion  of  the  molecule,  containing  hydroxyl  groups, 
could  be  split  off  by  irradiation.  When  unirradiated  crystals  were  fed 
to  rats  which  had  been  brought  to  a  state  of  vitamin  G  deficiency,  growth 
response  ensued,  providing  vitamin  B4  was  present.  Kuhn  and  his  co- 
workers have  been  unable  to  produce  the  pellagra-like  dermatitis  in  their 
rats  and  consequently  no  data  are  available  regarding  the  anti-dermatitis 
properties  of  the  flavines. 

The  Heidelberg  workers  have  shown  that  Warburg's  yellow  enzyme 
possesses  vitamin  G  activity  and  they  were  able  to  separate  the  active 
component  from  its  colloidal  carrier  and  identified  the  active  component 
as  a  flavine.  The  flavines  disintegrate  when  exposed  to  ordinary  light, 
with  the  formation  of  a  chloroform-soluble  fragment  which  has  the 
formula  C13H12N4O2.     F'or  this  reason  it  is  necessary  to  protect  these 
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products  from  ordinary  light  by  using  yellow  or  brown  desiccators. 
Jansen  and  his  colleagues  at  Amsterdam  had  a  laboratory  specially  set 
aside  for  these  products  and  all  windows  were  painted  yellow  to  absorb 
the  harmful  or  destructive  blue  and  violet  light  rays. 

A  well  known  English  worker  informed  me  that  the  flavines  had  been 
tested  in  an  English  laboratory  and  that  it  is  possible  to  reproduce  the 
growth  responses  in  rats  as  described  by  Kuhn  hut  that  the  tlavices  have 
little  or  no  effect  on  the  prevention  or  cure  of  the  pi-llaf,Tous  type  ol 
dermatitis.  This  worker  also  informed  me  that  >lu:  (lucstioned  the 
importance  of  the  U,  arguments  of  Kuhn,  owir,.^  to  the  fact  that  the 
Peters  fractions  used  as  a  source  of  Hi  in  these  experiments  always  carry 
ample  amounts  of  vitamin  B4. 

Kuhn's  ob'^ervations  have  opened  up  a  number  of  biological  problems 
in  the  fields  of  animal  nutrition,  cell  respiration  and  the  mechanism  of 
enzyme  action. 

In  our  laboratory,  Guerrant  has  continued  his  study  of  the  synthesis 
of  vitamins  B  and  G  in  the  digestive  t.acts  of  coprophagous  rats.  His 
studies  of  the  past  few  months  have  shown  that  the  type  of  carbohydrate 
in  the  diet  is  a  very  important  factor.  When  dextrinized  starch  is  the 
sole  carbohydrate,  it  is  possible  for  the  coprophagous  rat  to  synthesize 
these  vitamins.  When  sucrose  is  the  sole  source  of  carbohydrate,  ccp- 
rophagous  rats  die  with  the  usual  symptoms  of  B  and  G  avitaminosis. 
The  study  is  being  continued  with  other  carbohydrates  to  Imd  an  explana- 
tion for  these  findings. 

Vitamin  C 

It  would  appear  that  the  final  chapter  has  been  written  relative  to  the 
chemistry  of  vitamin  C.  It  has  been  synthesized  and  its  commercial 
production  as  ascorbic  acid  is  now  a  matter  of  record. 

The  early  work  of  Zilva  of  England  laid  the  ground  work  for  the  isola- 
tion and  identification  of  this  vitamin  when  he  devised  chemical  methods 
for  the  chemical  fractionation  of  lemon  juice.  Ky  the  use  ot  these 
methods  it  was  possible  to  remove  the  citric  acid,  sugars  aid  other  ex- 
traneous materials  and  obtain  a  very  active  antiscorbutic  concentrate 
by  precipitation  with  lead  acetate. 

As  early  as  1928,  Szent-Gyorgyi  of  Hungary  had  called  attention  to 
the  fact  that  he  had  evidence  for  the  existence  of  a  reducing  substance 
(hcxuronic  acid)  in  lemon  juice,  cabbage  juice  ar.d  in  varii.us  other  plant 
and  animal  tissues  which  seemed  to  be  similar  to  vitamin  C  so  far  as 
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distribution  in  food  materials  is  concerned.     For  a  time  Zilva  did  not 
accept  the  theory  that  reducing  capacity  and  antiscorbutic  properties 

might  be  correlated. 

In  the  meantime,  King  and  coworkers  at  the  University  of  Pittsburgh 
had  succeeded  in  isolating  a  crystalline  product  from  lemon  juice  which 
showed  high  antiscorbutic  activity  and  which  possessed  all  of  thephysical 
and  chemical  properties  of  Szent-Ciyorgyi's  hexuronic  acid. 

In  1932,  Szent-Oyorgyi  (with  Svirbely,  who  had  worked  ])reviously 
with  King)  announced  that  their  crystalline  hexuronic  acid  possessed 
antiscorbutic  properties  and  that  vitamin  ('  and  hexuronic  acid  were 
undoubtedly  identical  substances. 

Tillmans  of  Germany  and  his  colleagues  concluded  that  hexuronic  acid 
and  vitamin  C  are  identical  and  devlbcd  in  their  laboratory  a  usciUi 
titration  method  (based  on  the  reduction  of  the  dye  2.6  dichlorophenol- 
indophenol).  The  Tillmans'  method  has  since  been  modified  by  King 
and  coworkers  with  ^he  -esult  that  it  is  now  possible  to  measure,  with  a 
fair  degree  of  accuracy,  the  vitamin  C  content  of  many  foods  without 
recourse  to  tedious  and  expensive  biological  assays  with  guinea  pigs. 
We  have  used  this  method  with  considerable  success  in  our  own  labora- 
tory in  assaying  fruit  and  vegetable  juices  for  vitamin  C.  Our  titration 
data  on  these  juices  and  on  cow's  milk  agree  remarkably  well  with 
biological  data  obtained  simultaneously. 

Shaw,  Rasmussen,  Guerrant,  Welch  and  Bcchdel  of  the  Pennsylvania 
State  College  have  used  the  titration  technique  in  a  study  of  the  vitamin 
C  content  of  milks  from  various  breeds.  While  it  is  too  early  to  draw 
definite  conclusions,  it  would  appear  that  the  vitamin  C  potencies  of 
milks  from  the  various  breeds  run  in  the  ascending  order:  Holstein, 
Ayrshire,  Guernsey,  Brown  Swiss,  Jersey. 

Final  evidence  regarding  the  identity  of  vitamin  C  was  afforded  by  the 
researches  of  Haworth  and  coworkers  at  Birmingham,  Karrcr  and 
colleagues  at  Zurich,  von  Euler  and  Martins  at  Stockholm,  and  others, 
that  vitamin  C  (now  known  as  ascorbic  acid)  is  3-keto-/-gulo-furano- 
lactone  with  the  formula  on  page  485. 

While  in  Switzerland  I  learned  that  ascorbic  acid  is  now  being  syn- 
thesized in  commercial  quantities  in  a  chemical  manufacturing  plant  in 
Basle.  The  method  of  manufacture  is  entirely  synthetic  and  depends  on 
the  method  devised  and  patented  by  Reichstein  of  Zurich:  the  oxidation 
of  /-sorbose.  We  have  made  chemical  and  biological  tests  of  this 
synthetic  ascorbic  acid  and  have  found  it  to  be  extremely  active.     Steps 
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are  now  being  taken  to  make  ascorbic  acid  the  ofificial  international 
standard  for  vitamin  C. 
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A  well-known  manufacturer  of  chemical  and  biological  products  in 
Germany  is  also  manufacturing  relatively  large  quantities  of  ascorbic 
acid.  I  understand  that  his  product  is  natural  ascorbic  acid,  obtained 
by  the  extraction  of  peppers  and  similar  plant  materials.  Tillmans  and 
his  group  have  shown  that  the  seed  pods  of  rose  plants  give  excellent 
yields  of  ascorbic  acid. 

Stepp  at  the  Medical  Clinic  in  Munich  informed  me  that  clinical  ex- 
periments were  under  way  at  his  clinic  which  offered  encouraging  evidence 
that  ascorbic  acid  might  be  used  to  advantage  in  certain  diseases  which 
are  characterized  by  skin  pigmentation,  particularly  Addison's  disease. 
Purr  of  the  Cancer  Research  Laboratories  of  the  Graduate  School  of 
Medicine  at  Philadelphia  recently  obtained  evidence  which  led  to  some 
interesting  and  important  hypotheses  with  reference  to  the  probable 
function  of  vitamin  C  in  the  activation  of  intracellular  enzyme  systems 
in  normal  and  pathological  tissues.  Harris  at  Cambridge  University 
has  made  the  significant  observation  that  ascorbic  acid  is  found  in  ap- 
preciable quantities  in  pea  seeds  just  as  soon  as  germination  begins, 
while  S.  N.  Ray  from  the  same  laboratory  has  shown  that  hen's  eggs 
contain  no  vitamin  C  but  that  this  vitamin  appears  in  the  chick  embryo 
as  early  as  four  days  after  incubation. 

Vitamin  I) 

No  outstanding  advances  relative  to  the  chemistry  of  vitamin  D 
have  been  made  since  the  discovery  that  activated  crgosterol  can  be 
prepared  in  crystalline  form.     Considerable  progress  has  been  made  with 
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regard  to  the  determination  of  the  probable  structure  of  ergosterol,  but 
to  date  we  have  no  clear  idea  of  the  structural  changes  which  occur  when 
inactivated  ergosterol  is  changed  to  the  active  form  by  irradiation.  The 
following  configuration  of  ergosterol  has  recently  been  advocated  by 
Windaus  and  coworkers. 

CHs 
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CHr 


CH, 


CH2 


CH 

/  \ 


CH3 


CH2 
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HoC 
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CH 


CH2 
CH2 


CH--CII 
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CH— CH3 

CH— CH3 

CH3 


HOCH        CH        CH 

\    /   \  / 
CH2       CH 

Ergosterol 

A  considerable  literature  has  been  published  in  the  past  two  years 
relative  to  the  toxicity  of  ergosterol  preparations  and  the  probable 
physiological  effects  of  over  dosage.  One  of  the  most  comprehensive 
studies  in  this  field  is  that  of  Hauch  at  the  University  of  Chicago.  This 
writer  reared  rats  of  varying  ages  on  a  stock  diet  containing  50,000  times 
the  curative  dose  of  irradiated  ergosterol,  without  observing  harmful 
effects.  Young  rats  were  able  to  live  for  one  year  on  the  stock  ration 
when  the  dosage  was  93,000  times  the  curative  dose.  Adult  rats,  how- 
ever, were  not  able  to  withstand  doses  of  this  magnitude.  This  author 
concluded  that  toxicity  was  less  marked  when  the  diet  was  complete  and 
well  balanced. 

Evidence  continues  to  accumulate  which  indicates  that  vitamin  D 
may  exist  in  two  or  more  forms.  Kon  and  Booth  of  the  National 
Institute  for  Research  in  Dairying  at  Reading,  England,  have  shown  that 
about  80  per  cent  of  the  antirachitic  potency  of  butter  fat  is  lost  after 
saponification,  while  activated  ergosterol  and  cod  liver  oil,  either  alone 
or  mixed  with  butter,  can  be  subjected  to  saponification  without  loss  of 
potency.  They  find  that  most  of  the  antirachitic  potency  is  present  in 
the  fatty  acid  or  saponifiable  fraction  when  losses,  such  as  those  just 
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described,  have  occurred.  They  found  that  a  greater  proportion  of  vita- 
min D  activity  remained  in  the  unsaponifiablc  portion  of  butter  fat  when 
the  antirachitic  potency  of  the  butter  fat  was  increased  by  irradiating 
the  butter  or  by  feeding  irradiated  yeast  to  the  cows. 

Rygh  of  Oslo,  Norway,  has  reported  similar  observations.  He  has 
confirmed  not  only  the  findings  of  Kon  and  Booth  on  butter  fat  but  he 
has  conductcil  similar  cxperimcnls  with  ether  soluble  residues  obtained 
from  meadow  hays  and  human  and  cow's  liver.  In  every  case  a  portion 
of  the  antirachitic  i)()tency  could  be  found  in  the  fatty  acid  fraction,  in- 
dicating that  we  may  be  forced  to  recognize  more  than  one  antirachitic 
factor. 

It  is  common  knowledge  that  the  chicken  has  a  vitamin  I)  demand 
which  seems  to  be  many  time';  that  of  the  rat  Bethke  and  coworkers  at 
the  Ohio  Experiment  Station  and  others  are  convinced  that  many  more 
rat  units  in  the  form  of  ergosterol,  than  in  cod  liver  oil,  must  be  used  to 
bring  about  a  given  physiological  response  in  chickens. 

Within  the  past  few  months  J.  Waddell  has  submitted  evidence  from 
which  he  concludes  that  cholesterol  contains  a  provitamin  which  is  not 
ergosterol.  By  the  activation  of  this  provitamin  with  ultra  violet  light 
he  has  obtained  a  substance  which  is  as  potent  for  chicks  as  the  vitamin 
D  of  cod  liver  oil.  Waddell's  work  lends  additional  support  to  the 
growing  conviction  that  the  antirachitic  properties  of  foods  may  be  due 
to  more  than  one  chemical  substance. 

R.  R.  Murphy  and  Hunter,  in  my  laboratory,  cooperating  with 
Knandel  of  the  Department  of  Poultry  Husbandry,  have  made  a  very 
thorough  study  of  the  vitamin  D  requirements  of  growing  chicks  and 
laying  hens.  Their  results  indicate  that  the  growing  pullet  requires  a 
yearly  intake  of  about  25,000  International  units  of  vitamin  D  when  cod 
liver  oil  is  the  sole  source  of  this  vitamin. 

Clinical  evidence  is  woefully  lacking  regarding  the  merits  and  demerits 
of  the  various  types  of  vitamin  D  milks.  I  am  inclined  to  take  the  stand 
that  evidence  is  lacking,  as  yet,  to  show  that  one  form  of  vitamin  D  is 
better  utilized  than  another.  Even  if  such  evidence  is  eventually  avail- 
able, I  see  no  reason  why  one  source  of  vitamin  D  should  be  considered 
better  than  another,  if  a  proper  standard  for  each  source  of  vitamin  D  can 
be  agreed  upon  by  medical  and  nutritional  authorities.  This  is  a  matter 
which  deserves  the  immediate  attention  of  medical  and  food  control 
ofticials. 

Certainly  it  is  unnecessary  and  unwise  to  supplement  milk  with  vita- 
min D  beyond  that  point  where  milk  will  contain  sufficient  antirachitic 
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potency  to  assure  the  necessary  protection  of  normal  children  during  the 
winter  months.  When  higher  doses  of  vitamin  D  are  required  the  matter 
should  be  referred  to  the  family  physician. 

The  matter  of  unitage  is  a  puzzling  problem  to  every  one  concerned 
with  vitamin  D  therapy,  and  much  remains  to  be  done  to  clarify  the 
confused  situation  that  exists  at  the  present  time,  liable  1,  devised  by 
Lachat  and  Halverson  of  the  Minnesota  Division  of  IVed  (\)nlrol,  is 
most  helpful  in  evaluating  the  various  vitamin  I)  units  now  in  use. 

A  few  years  ago  a  young  graduate  student  remarked  to  me  that  since 
vitamin  research  had  made  such  rapid  progress  it  seemed  to  him  most 
of  the  important  problems  had  been  solved  and  little  more  remained  to 


T-i  *  T )  T    I  '       1 
1  .  \lii.^Lj       1 


Vitamin  D  rat  unit  equivalents 


One  International  unit  equals.. 

One  U.S. P.  unit  equals 

One  Steenbock  unit  equals 

One  Am.  Med.  Assn.  unit  equals 
One  Am.  Drug  Mfrs.  Assn.  unit 

equals 

One  D  unit  equals 

One  Oslo  unit  equals 


INTER- 
NATIONAL 
UNITS 


1  00 
2,70 
2.70 

0  27 

36  00 

0,60 


U.S. p. 
UNITS 


1  00 


STEEN- 
BOCK 
UNITS 


0  37 
0  37 


2.70 
2  70 

0,27 

36  00 

0,60 


AM. 
MED. 

ASSN. 
UNITS 


1  00 

0,10 

13  33 

0.22 


0.37 

0  37 

1  00 


0.10 

13.33 

0.22 


AM.   DRUG 

MKRS.  ASSN. 

UNITS 


V 25- 3. 70 

3.25-3,70 

10.00 

10  00 


ONE  D 
UNITS 


133  30 
2  22 


0  028 
0,028 
0  075 
0  075 

0  008 

0  017 


OSLO 
UNITS 


1.67 
1.67 
4,50 
4.50 

0  45 
60  00 


be  done.  Since  that  time  thousands  of  research  papers  have  been  pub- 
lished in  various  phases  of  vitamin  research;  yet  every  new  discovery 
seems  to  create  many  more  new  problems  of  even  greater  importance  and 
significance.  No  one  can  prophecy  what  the  next  two  years  of  research 
will  bring  forth  but  I  am  convinced  that  they  will  be  even  more  produc- 
tive and  valuable  than  the  past  two  years  have  been. 

My  opinion  is  that  the  most  outstanding  trends  during  the  past  two  or 
three  years  have  been  in  the  direction  of  vitamin  isolation,  purilication, 
synthesis,  the  determination  of  configuration,  and  the  application  of 
improved  chemical,  physical  and  biological  methods  to  the  clarification  of 
fundamental  questions  related  to  the  physiological  function  of  vitamins. 
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THE  VALUE  OF  THE  CHEMICAL  TITRATION 
METHOD  IN  DETERMINING  THE  VITAMIN 
C  IH)TEN(^Y  OF  CERTAIN  FOOD 
SUBSTANCES  1 

N.  P>.  (UJKKKANT,   Kl'SSKL   A.   IJASMFSSHN    AM)    K.   ADAMS    DTTCIIKR 
Department  of  Agricultural  and  Biological  Chemistry,  Pennsylvania  State  College, 

State  College 

(Received  for  publication  December  14,  1934) 

Recent  investigations  have  shown  that  vitamin  C  and 
ascorbic  acid  are  identical  substances  (King  and  Waugh, 
'32  a  and  b;  Harris  and  Ray,  '33;  Herbert,  Hirst,  Percival, 
Reynolds  and  Smith,  '33;  Reichstein,  Grussner  and  Oppen- 
auer,  '33 ;  Ault,  Baird,  Charrington,  Haworth,  Herbert,  Hirst, 
Percival,  Smith  and  Stacey,  '33)  and  that  ascorbic  acid  can 
be  estimated  quantitatively  by  titrating  with  a  standard  solu- 
tion of  iodine  or  a  standard  solution  of  2,  6-dichlorophenol- 
indophenol. 

A  review  of  the  literature  relative  to  the  chemical  estima- 
tion of  vitamin  C  in  foodstuffs  (Tillmans  and  Hirsch,  '32; 
Wolff,  Kekeln  and  Emmerie,  '33 ;  Birch,  Harris  and  Ray,  '33 ; 
Bessey  and  King,  '33)  indicated  that  the  method  proposed 
by  Bessey  and  King  is  the  least  affected  by  interfering  sub- 
stances; consequently,  this  method  w^as  used  in  the  following 
studies. 

The  present  investigation  was  conducted  w^ith  the  view  of 
attempting  to  establish  further  correlations  between  chemical 
titration  methods  and  the  usual  biological  method  for  the 
estimation  of  vitamin  C  in  fruit  and  vegetable  juices. 

*  Publication  authorized  by  the  Director  of  the  PcTiiisylvania  Agricultural 
Experiment  Station,  December  fi,  1034,  as  technical  paper  no.  669. 
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EXPERIMENTAL 

The  studies  herein  reported  consist  of  the  determination 
of  the  ascorbic  acid  content  of  several  fruit  and  vegetable 
juices  by  the  chemical  method  and  the  subsequent  compari- 
son of  some  of  the  results  obtained  by  the  conventional 
bioloi»-ical  method  of  vitamin  C  assay. 

Chemical  assai/ 

Bessey  and  Kin^^  ('33)  liave  ])()int(Ml  out  that  lemon  juice 
could  be  used  with  reasonable  accuracy  in  the  standardiza- 
tion of  the  dye,  while  Birch,  Harris  and  Ray  ('33)  stated 
that  both  lemon  and  orange  juice  are  reliable  in  this  respect. 

In  these  studies,  lemon  juice  was  always  used  in  the  stand- 
ardization of  the  dye  solution.  The  technic  used  is  as  fol- 
lows: The  dye  solutions  w^ere  prepared  just  previous  to 
being  used  by  dissolving  0.1  gm.  of  the  dye  in  successive  por- 
tions of  warm  water,  diluting  to  200  ml.,  then  cooling  and 
filtering.  A  5  ml.  aliquot  of  the  freshly  prepared  and  strained 
lemon  juice  was  titrated  w4th  0.01  normal  iodine  solution  until 
a  permanent  bluing  of  the  starch  indicator  resulted.  Ten 
milliliters  of  an  8  per  cent  acetic  acid  solution  were  added  to 
a  second  5  ml.  aliquot  of  the  lemon  juice  and  the  dye  solution 
run  in  from  a  burette  until  the  end  point  (pink)  was  reached. 
By  means  of  this  technic,  interfering  substances  which  fade 
the  dye  slowly  are  easily  detected  when  the  end  point  has 
been  reached. 

Since  1  ml.  of  0.01  normal  iodine  solution  reacts  with  0.88 
mg.  of  ascorbic  acid,  the  ascorbic  acid  equivalent  of  the  dye 
solution  was  easily  calculated.  Other  juices  were  then  evalu- 
ated as  to  their  ascorbic  acid  content  by  titrating  against  this 
dye  solution  of  kno^vTi  titer. 

For  the  purpose  of  reference,  the  dye  solutions  used  were 
standardized  occasionally  against  pure  ascorbic  acid  as  well 
as  against  several  different  fruit  juices.  In  table  1  are  given 
the  results  obtained  by  standardizing  some  of  the  dye  solution 
against  ascorbic  acid,  lemon  juice,  orange  juice,  and  grape- 
fruit juice.  The  results  are  expressed  as  milligrams  of 
ascorbic  acid  foi"  each  milliliter  of  the  dve  solution. 
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The  above  results  indicated  that  lemon  juice  and  grape- 
fruit juice  could  be  used  as  standards  without  introducing 
serious  errors  in  the  technic.  Orange  juice,  however,  ap- 
peared to  be  less  reliable  in  this  respect.  While  the  juice  of 
only  one  orange  was  titrated  in  direct  comparison  with  a 
known  amount  of  ascorbic  acid  on  each  of  the  above  days, 
other  titrations  of  oran<>e  Juice  showed  ai)0ut  \\w  same  irregu- 
larities when  lemon  juice  was  used  as  the  check  standard. 

Biological  assa/j 

The  biological  assays  were  carried  out  according  to  tlie 
technic  of  Sherman,  LaiMer  and  Campbell  ("22).  Young 
guinea  pigs  weighing  from  250  to  300  gm.  were  used  as  the 

TABL?:    1 

Showing  the  rrtndts  obtained  by  standardizing  some  of  the  dye  solutions  against 

ascorbic  acid,    lemon   juice,   orange   juice   and   grapefruit   juice 


DATE 

ASCORUtC  ACID 
STANDARDIZATION 

LFMON  JUICE 
STANDARDIZATION 

0.155 

0.150 
0.152 

ORANOK  JUICE 
STANDARDIZATION 

0.165 

0.160 

•    •     •     • 

ORAI'ErRUIT  JUICE 
STANDARDIZATION 

4/2r)/:i4 

5/24/:U 
6/26/34 

0.147  » 

0.149  =■ 
0.144' 

.... 

0.150 
0.146 

*  Natural  ascorI)ie  acid  furnislied  tlirough  the  courtesy  of  Dr.  C.  (}.  Kiug. 

'  Natural  ascorbic  acid  furnished  through  the  courtesy  of  Merck  &  Co. 

'  Synthetic  ascorbic  acid  furnished  through  the  courtesy  of  IIoffmann-LaRoche 

&  Co. 

experimental  animals.  These  pigs  were  kept  in  individual 
metal  cages  which  were  provided  w^ith  raised  screen  floors. 
With  the  exception  of  a  slight  modification  of  the  scorbutic 
diet,  these  animals  were  fed  and  handled  according  to  the 
technic  of  the  above  authors.  The  basal  scorbutic  diet  used 
in  these  studies  contained  2  per  cent  of  cod  liver  oil  (Patch's 
medicinal  grade)  and  8  per  cent  of  butter  fat  instead  of  the 
usual  10  per  cent  of  butter  fat.  This  alteration  in  the  com- 
position of  the  scorbutic  diet  was  made  in  order  to  insure  a 
liberal  supply  of  vitamin  D. 

The  first  series  of  biological  assays  for  vitamin  C  were 
made  on  fresh  Florida  orange  juice  and  canned  pineapple 
juice.    A  week's  supply  of  the  fresh  fruit  and  the  canned  juice 
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was  kept  in  the  refrigerator  at  all  times  during  the  test  period. 
The  juice  of  the  oranges  was  extracted  just  previous  to  titra- 
tion and  feeding.  The  canned  pineapple  juice  was  opened 
just  before  being  used. 

Shrader  and  Johnson  ( '34)  and  Nelson  and  Molten  ( '34) 
had  shown  that  when  fruit  juices  are  kept  frozen  for  lonj; 
periods  of  time,  there  is  no  api)recial)le  loss  of  autiscorhnlic 
jjotcncy.     Conscqueiifly,  tor  tli(>  second   series  of  hiolo^-ical 
assays,  composite  samples  of  tlie  various  juices  were  "Jm-c- 
sorved  in  the  above  manner  until  the  assays  could  he  made. 
In  the  case  of  lemon  juice,  5  dozen  of  each  of  three  commercial 
grades  of  lemons  were  used  as  the  source  of  juice.    One  dozen 
select  grapefruits  and  1   dozen  fresh  pineapples  were  used 
as  sources  of  these  juices.     The  fruits  were  pared  by  hand 
and  the  juices  pressed  out  mechanically.     The  juices  were 
stramed  and  placed   in   small  waxed-cardboard  containers 
each  of  which  held  an  ample  supply  for  daily  experimentation,' 
and  then  stored  at  a  temperature  of  —  ]0°F.     The  freshly 
thawed  juices  were  fed  to  guinea  pigs  on  the  basis  of  the 
calculated  minimum  protective  dosage  as  determined  by  the 
dye  titer     It  was  hoped  that  by  such  a  procedure,  a  uni'form 
supply  of  the  various  juices  could  be  had  for  the  entire  ex- 
perimental period,  and  that  results  could  be  obtained  which 
would  show  whether  or  not  the  calculated  levels  of  these  juices 
furnished  the  desired  degree  of  protection  to  guinea  pigs,  and, 
further  that  some  information  might  be  obtained  concerning 
a  possible  variation  in  the  antiscorbutic  potency  of  juices  from 
different  grades  of  lemons.    The  stored  juices  were  titrated 
trom  time  to  time  during  the  storage  period  against  a  stand- 
ard  dye    solution.      The    resultant    titers    showed    that    no 
marked  decrease  in  vitamin  C  potency  took  place  during  the 
90-day  storage  period. 

Jrr.l  '"'^  ^'"?  ('^3)  have  shown  that  0.5  mg.  of  ascorbic 
acid  daily  per  guinea  p.g  prevented  scurvv,  allowed  satis- 

rco'Ium-nr"?  '  '""^  '"/''"t^i^^^i  «'«  experimental  animals  in 
LTe  Th.r  V'""f '  sensitivity  to  changes  in  vitamin 
wl  1  ^?!*''^*'*^°'"^'  >»  ^^''^^  «*»die«  the  calculations  have  been 
based  on  the  assumption  that  0.5  mg.  of  a.scorbic  acid  or  its 
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equivalent  is  the  minimum  protective  dose  for  the 
size  experimental  guinea  pig. 


average 


DATA  AND  DISCU8SrON 

A  condensed  summary  of  tlie  data  obtained  in  those  studies 
is  given  in  the  following  tables. 

Ta])le  2  gives  the  results  ol)tained  in  a  s(^ri(\s  of  biological 
assays  that  wer(^  made  on  canned  pineapple  juice  and  IVesli 

T.VBT.E    2 
Skowinf,    the   rrsults  oblainrd   b>/  feeding   varuinq   nmounts   of  canned   pineapple 
Juice  and  fresh   orange  juice   to  groups  of  young  guinea  pigs   that 
were  receiving  a  scurvy-producing  diet 


CKOUP 
NO. 

NUMBER 

or 

1    ANIMAI.,8 
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.SIDERED 

SOURCE 

OF 

VITAMIN  C 

(JUICES) 

QUANTITY 

OK  JUICE 

KKD 

DAILY 

TITRATION 

K(^l'IVAI.KNT 

IN  MILLI- 

(HJAMS  OF 

ASCORIJIC  ACID 

THEORETICAIyJ 
1            INTER- 
1       NATIONAL 
UNITS 

1 

AVERAGE 

DAILY 

OAIN 

IN 

WEIGHT 

SCURVY 
SCORE 

7/l7. 

gm. 

1 

6 

Pineapple 

0 

0 

0 

All  died 

Severe 

o 

6 

Pineapple 

3.0 

0.245 

5.7 

All  died 

Severe 

3 

3 

Pineapple 

4.0 

0.352 

7.6 

0 

17 

4 

4 

Pineapple 

5.0 

0.440 

9.5 

0.5 

8 

5 

9 

Pineapple 

6.0 

0.528 

11.4 

1.8 

3 

6 

7 

Pineapple 

7.0 

0.616 

13.3 

2.4 

0-2 

'' 

5 

r*ineapple 

8.0 

0.707 

15.2 

2.7 

0 

S 

8 

Pineapple 

9.0 

0.792 

17.1 

2.7 

0 

9 

7 

Pineapple 

10.0 

0.880 

19.0 

2.9 

0 

10 

4 

Orange 

1.0 

0.500 

11.0 

2.8 

0-2 

11 

9 

Orange 

1.5 

0.750 

16.5 

3.0 

0 

12 

9 

Orange 

2.0 

1.000 

22.0 

3.2 

0 

13 

8 

Orange 

3.0 

1.500 

33.0 

3.2 

0 

14 

6 

Orange 

4.0 

• 

2.000 

44.0 

3.6 

0 

15 

5 

Orange 

5.0 

2.500 

55.0 

3.7 

0 

>  Cak'u 

1   J       •            ^ 

lations  ba 

sed  on  the 

average  value   (1.1   ml. 

—  0.5  mg.  of  ascorbic  acid") 

mtainod 

by  titrating  Uni  dififerent  sami) 

les  of  lemon 

.iuice. 

/ 

orange  juice.  The  table  also  contains  the  equivalent  ascorbic 
acid  content  of  the  respective  quantities  of  the  two  juices  fed, 
as  determined  by  the  dye  titration  method.  In  addition,  the 
theoretical  International  units  of  vitamin  C  are  given. 

The  six  animals  comprising  group  1,  which  served  as  a 
negative  control,  were  all  dead  by  the  thirty-first  day,  while 
those  animals  comprising  group  2  were  all  dead  by  the  forty- 
second  day.    On  autopsy,  all  animals  of  these  two  groups  were 
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found  to  exhibit  symptoms  of  severe  scurvy.  Although  the 
animals  of  groups  3  and  4  survived  the  experimental  period, 
they  likewise  showed  symptoms  of  severe  scurvy.  The  ani- 
mals of  group  5  were  somewhat  irregular  in  their  responses 
and,  when  autopsied,  their  scurvy  score  ranged  from  1  to  G, 
with  an  average  score  ot'  3. 

The  animals  of  grouj)  ()  showed  only  very  mild  synii)ioins 
of  scurvy  and  their  growth  rates  were  not  significantly  de- 
})res8ed.  Due  to  these  facts,  this  group  of  animals  was  con- 
sidered as  having  received  a  minimum  protective  dose  of  vita- 
min C  or  the  equivalent  of  0.5  mg.  of  ascorbic  acid  daily. 

The  animals  of  groups  7,  8  and  9  all  showed  practically  the 
same  growth  rate  and  survived  the  experimental  period  with- 
out showing  any  evidence  of  scurvy. 

The  animals  of  group  10,  which  received  orange  juice, 
made  a  similar  response  to  that  of  those  animals  comprising 
group  6,  which  received  the  canned  pineapple  juice.  From 
this  it  appeared  that  1  ml.  of  fresh  orange  juice  was  equiva- 
lent to  about  7  ml.  of  canned  pineapple  juice  in  antiscorbutic 
potency.  Results  obtained  by  the  dye  titration  had  indicated 
that  the  relative  antiscorbutic  potencies  of  the  two  juices 
would  be  about  6:1. 

The  animals  of  groups  11,  12,  13,  14  and  15  showed  no  evi- 
dence of  scurvy  during  the  experimental  period  and  when 
autopsied  they  appeared  to  be  normal  in  every  respect. 

In  table  3  are  given  the  results  of  a  second  series  of  bio- 
logical assays.  It  may  be  obsej"ved  from  the  data  given  in 
this  table  that  the  biological  responses  of  the  several  groups 
of  animals  were  quite  uniform.  In  every  case,  with  the  excep- 
tion of  one  group,  the  calculated  dosage  gave  the  expected 
response.  The  animals  of  group  16,  which  received  the  calcu- 
lated sub-protective  dosage  of  fresh  pineapple  juice,  did  not 
show  as  severe  scurvy  symptoms  as  might  have  been  expected 
from  the  results  given  in  a  previous  publication  on  this  subject 
(Bessey  and  King,  '33). 

Table  4  contains  the  data  obtained  by  titrating  the  juices 
of  several  fruits  and  vegetables  against  a  standard  solution 
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TABLE   3 

Showing  the  biological  responses  made  by  young  guinea  pigs  receiving  a  scorbutic 

diet   when    this   diet    was   supplemented    by    mch    quantities    of    the    various 

fruit  juices  as  would  furnish  a  definite  amount   of  ascorbic  acid 


NUMIJKR 

ANIMAIi 

1              OF 

fiKOl  1' 

ANIMALS 

NO. 

(ON 

KlDKKKl) 

16 

3 

17 

5 

18 

5 

19 

4 

20 

3 

21 

5 

soirRCi: 

OK 

VITAMIN   (■ 

(J  I'K'K,'-  ) 


QUANTITY 

OK  Ji;iCE 

KKl) 

IiAIIV 


o 


Pinea[>i)l(' 

Pineapple 

Pineapjde 

Lemon  I      | 

Lemon  II    j 

Lemon  III  j 

Grapefruit  > 


].() 

iJi 
I)  <•) 

1.1 
1.1 

1.0 

i.y 


TITRATION 
KQUIVAI.KNT 

INTKR- 

i 
AVKKAOE 

IN   MIM.KUJAM.S 

OK  ASeORHIC 
A<11> 

NATIONAL 

iNn  .s 

OAUiY 
<iAI,N    IN 

W  I.  K ;  H  f 

(Jin. 

o.;5 

(').() 

2.4 

O.T) 

11.0 

i:.4 

0.7 

If). 4 

:5.4 

o.r> 

11.0 

2.8        I 

0.5 

11.0 

2.5        ! 

0.5 

10.0 

2.8 

0.5 

11.0 

2.7        1 

SCURVY 

SVAUiV. 


6 

0-2 
0 
0-2 
0-2 
0-2 
0-2 


TABLE   4 

Showing  the  ascorbic  acid  equivalent  and  the  calculated  minimum  protective  dose 

of  various  fruit  and  vegetable  juices  as  determined  by  titrating  against 

a  standardized  solution  of  2,   6-dichlorophenolindophcnol 


KINDS  OF 
JUICE 
USED 

QUAMTY 

OK 

JUICE 

NUMBER  OF 

SAMPLES 
CONSIDERED 

ASCORBIC 

ACID 

EQUIVALENT 

1 — 

{my.  per  ml.) 

CALCUI>ATED  MINIMUM 

PROTECTIVE  DOSAGE 

(AVERw\aE) 

(rnl.) 

Lemon 

Fresh 

13 

0.455 

1.1 

Orange 

P^esh 

10 

0.500 

1.0 

Orange 

Canned 

O 

0.294 

1.7 

Tangerine 

Fresh 

2 

0.208 

2.4 

Lime 

Fresh 

1 

0.459 

1.1 

Grapefruit 

Fresh 

1 

0.266 

1.9 

Grapefruit 

Canned 

1 

0.410 

1.2 

Pineapple 

Fresh 

0.310 

1.6 

Pineapple 

Canned 

18 

0.070 

7.2 

Tomato 

Fresh 

I 

0.157 

3.2 

Tomato 

Canned 

1 

0.242 

2.1 

Peach 

Fresh 

1 

0.018 

27.8 

Plum 

Fresh 

1 

0.030 

1(^   7 

Rhubarb 

Fresh 

1 

0.278 

1.8 

Sauerkraut 

(\'i  lined 

1 

0.082 

6.2 

Cabbage 

Fresh 

1 

0.427 

1.2 

Peppers 

Green 

1 

0.203 

2.5 

Carrots 

Fresh 

1 

0.040 

12.5 

Celery 

Fresh 

1 

0.009 

55.6 

Turnip 
Cucumber 

Fresh 
Fresh 

1 

1 

0.191 
0.012 

2.6 
41.6 

Potato 

Fresh 

1 

0.021 

23.8 
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of  the  dye.  In  this  table,  the  results  are  expressed  in  terms 
of  the  ascorbic  acid  equivalent  in  milligrams  per  milliliter 
of  juice  and  as  the  quantity  required  to  furnish  a  minimum 
protective  dose. 

SUMMARY 

A  study  lias  been  made  conceniiii^^  the  value  of  the  ehemieal 
titration  method  for  determining  the  vitamin  C  potency  of 
certain  food  substances.  In  these  studi(\s,  the  ascorbic  acid 
content  of  certain  fruit  and  vegetabU^  juices  was  determined 
by  titrating  against  a  standard  solution  of  2,  G-dichlorophenol- 
indophenol.  In  order  to  ascertain  the  accuracy  of  the  data 
obtained  through  the  chemical  titration  method,  biological 
assays  were  also  made  on  a  number  of  the  fruit  juices  used 
in  this  study.     From  the  results  obtained  it  appears  that: 

1.  The  chemical  titration  method  for  the  estimation  of 
ascorbic  acid  is  of  material  value  in  determining  the  vitamin  C 
potency  of  certain  fruit  and  vegetable  juices.  By  means  of 
this  method,  it  is  possible  at  least  to  approximate  the  anti- 
scorbutic activity  of  the  juices  before  the  biological  assay  is 
started,  thus  saving  time  and  expense. 

2.  The  accuracy  of  the  results  obtained  by  the  chemical 
titration  method  appears  to  depend  to  an  appreciable  degree 
upon  the  nature  of  the  juice  that  is  being  titrated.  Some  juices 
contain  interfering  substances  that  react  with  the  dye,  thus 
complicating  the  titration  results  and  leading  to  erroneous 
conclusions. 

3.  For  lemon  juice,  orange  juice,  grapefruit  juice  and  fresh 
pmeapple  juice,  the  values  obtained  by  the  chemical  titration 
method  are  in  close  agreement  with  those  obtained  by  the 
usual  biological  assay  method. 

4.  Fresh  pineapple  juice,  when  evaluated  for  its  antiscor- 
butic potency  by  the  chemical  method,  gives  values  in  closer 
agreement  with  those  obtained  by  the  biological  method  than 
does  the  canned  pineapple  juice,  owing  to  the  presence  of 
mterfering  substances  in  the  latter. 
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THE  EFFECT  OF  THE  TYPE  OF  CARBOHYDRATE  ON  THE 
SYNTHESIS  OF  THE  B  VITAMINS  IN  THE  DIGESTIVE 

TRACT  OF  THE  RAT* 

1^  \    IV  r.!  i;hha\  r  am.  h    adams  dcic  jrKR 

(Frnm  fkr  Ihpartnunl  nf  A,jnr ult u ml  nn^l  H,nlo,i,ral  ( 'hem^^tri/ ,    Pcnsyl- 

I'dnid  S/nfr  ('i,Uk;<  ,  Sintr  (\)/lr(j() 

AM)  I-.   I.  'l'()Mi;v 

{Frofn  Ihc  Diri^sioN  nf  Hachrioloyi/,  I'enn.^ylvnn'a  Stair  Collryc,  Stale 

College) 

(Recpivo(i  for  r)nf>lif"»f ion     A,^»..■|   in     •i(r>K\ 

In  a  previous  communication  from  this  laboratory  (1)  data  were 
presented  which  empiiasized  the  dangcT  of  coj)rophagy  as  it  affects 
vitamin  B  and  vitamin  G  assays.  In  a  hiter  pubHcation  (2)  fur- 
ther data  were  submitted  which  siiowed  tliat  the  type  of  carbo- 
hydrate employed  in  making  up  \itamin  B-  and  vitamin  G-defi- 
cient  dietaries  is  an  imi)ortant  factor  in  this  consideration. 

The  experiments  herein  described  were  carried  out  as  a  continu- 
ation of  the  latter  investigation.  ^Fhrough  these  studies,  addi- 
tional data  have  been  obtained  concerning  dextrinized  corn-starch 
and  sucrose-containing  diets;  and,  in  addition,  diets  containing 
lactose,  glucoses  and  commercial  corn-starch  have  likewise  been 
investigated. 

EXPKHIMENTAL 

The  techni(iue  employed  in  this  investigation  was  for  the  most 
part  similar  to  that  describe^d  in  a  former  communication.  In  the 
present  studies,  a  s(>ri(vs  of  dic^ts  was  used  which  were  similar  in 
composition  to  those  previously  reported  (2).  The  composition 
of  these  several  diets  differed  only  in  the  type  of  carbohydrate 
which  they  contained  and  is  given  in  Table  I. 

Voung  rats  obtained  from  our  bre(>ding  colony  were  used  as 

onli.r^J'r'^''^^^  permisHior,  of  the  Director  of  the  Pennsylvania  Agri- 
cultural Experiment  Station  as  technical  paper  No.  684,  Journal  series 
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Vitamin  H  Syiith(\sis  in  Hut 


(^xporimciital  aiiiiiials.  Tlicsc  animals  were  weaned  wlien  LM  days 
of  age  and  w(U-e  })ul  directly  on  experiment.  In  placing  the  ani- 
mals on  (experiment,  efforts  were  made  to  (listri[)ute  litters  and 
sexes  uniforndy  throughout  the  se\-eral  groujis.  i^aeh  ainmal  was 
[)laeed  in  an  indivi(hial  metal  cage,  which  was  pro\id(>d  with  a 
raised  screen  l)()ttom,  iiaving  2  meshivs  p(>r  inch.  All  animids 
were  i)rovi(h"d  with  ample  (juantities  of  the  respect  ixc  dids  imdcr 
considendion.  ImvsIi  distilled  watei-  was  kept  hefere  llic  aniiii.'iU 
at  ;dl  times,  -ind  ;i  weekly  reem-d  \\:i-  le.'ide  n\  r\r. 
weight  and  of  the  amount  of  locd  con-iniMd. 


L'( 


I   I        I   M   l(  ]  \ 


\  i ;  I , 


/ II  I'l  si ii/iil nm 


'/   <  n    7  /, /.s' 


e'otnpononfs 


Kxtni('t{Ml  casein 

Salt  Mixture  IS.")* 

Agar  a<i;ar  (r.s.p.  grade) 

Cod  liver  oil  (Patch's  .Medicinal) 

Butter  fat  (filtered) 

Dextrinized  corn-starcht 

Sucrose  (coinnierciul) 

Lactose  (v. v.  powder) 

Glucose  (technical) 

Corn-.starcli  (coinniercia  I) 


I  >ift 
:;■}•) 

IS 

4 

2 

■A 
7! 

0 
0 
0 
0 


I  )lct, 


I  )i('t 


I  )iff 


IS 

is 

is 

is 

1 

4 

4 

4 

2 

- 

•) 

•) 

•  ) 

•> 

2 

') 

'A 

■A 

:{ 

:? 

{) 

0 

0 

0 

71 

(1 

0 

0 

n 

71 

0 

0 

() 

0 

71 

II 

n 

(1 

0 

71 

*  McCoIluin,  ]■:.  v.,  and  Siinnionds,  X..  ,/,  Hn,l.  C/nm.,  33,  »,;;  (l!»ls). 

t  ^hl(lc  from  coninicrcial  corn-staicli  hy  nidistcnini^^  1  he  staich  wifji  ;i 
0.1  per  cent  solution  (.f  citric  acid,  autocdaving  for  4  lu.uis  at  I")  pound., 
pressure,  drying,  and  pulverizing. 

The  nund)er  of  animals  placed  on  ea(di  of  the  diets  imder  con- 
sideration rang(>(l  from  seventeen  to  forty-four  animals.  In  the 
cas(>  of  the  diet  containing  dextriniz<'d  corn-starch  (Diet  :U9),  a 
total  of  forty-four  aiumals  was  used.  Twenty-four  of  these  aid- 
mals((;roup  1)  received  t  his  diet  unsupplemented.  This  group  of 
animals  was  ])ut  on  this  diet  from  17  to  21  days  })efore  the  rem.-iin- 
ing  aiumals  used  in  the  inxcst  igat ion  were  placed  on  experiment. 
This  was  done  in  order  that  it  ndght  Im'  possible  to  have  their 
fecesavailal)le  as  supplements  toother  vitamin  H  com|)lex-deficient 
diets  containing  tyi)es  of  carbohydrate  (d  her  t  hail  dexl  rinized  <-oni- 
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starch.  The  feces  from  eaeli  (d"  these  twenty-four  animals  were 
rc!Ho\(Ml  from  the  pans  ;it  weekly  interxals,  combined,  dri<'d,  ex- 
tracted with  ether,  an<l  j)uh-erized.  Kiu'\\  we<'kly  collection  of 
feces  was  treated  in  a  similar  manner  and  add<'d  to  the  pre\ious 
supply  of  pid\ crized  feces.  Wdienex-er  t  hese  pul\-erized  feces  were 
fed  as  dietary  supplements,  a  daily  (plant  ity  of  0.2.")  gm.  was  U-d 
ill  iiidi\  idual  glass  cont  ;iiiiers. 

A  seeoii,!  m'oup  (d"  lifleen  ;inili:;d-  ((iroiip  2i  w;i:  pk'ieed  on  the 
(|i  \'  lliil/i'd  e(.rn---!;!ic||  (I  I.  1  .  I  )|..|  ;;  P),.  Mi-LIIiililliLl  with  Hie  2ii(i 
ilN>'  "!  'h''  <'\p<'filiie|it;i!  pen,„|,  \\,r  IoImI  U-fi'^  \o|ded  i.\-  e:ieh  (  d' 
'!M--e   ;ililli!;iN.    \\<Tc    pk'ieed    Hi    ,-ep;t  fa  t  e    e,  ,|  i !  ;i  1 1  |ef-    .•|||d    fctliriied    to 

'!i''  rc<\)i  *  !  i\  e  c-iuc-.       !  i;i.  pr;i,  !  ic,.  \s;,,^,  colli  limed  d;iii\    i  iireimh- 

olll    1  lio  <'iii  ire  expeniiieiil  ril   period. 

The  third  group  (d"  animals  ((iroup  if)  whi(di  receixcd  this  (li(d 
\v;isgi\-eii  no  additional  supplement  during  t  he  first  21  days  of  the 
experiment.  On  the  21st  day  all  cages  were  (deaned  thoroughly, 
and  beginning  with  the  22n(l  day  and  continuing  throughout  t}i(> 
ivin;jinder  of  the  experimental  ju'riod,  all  the  feces  voided  l)y  each 
of  the.se  animals  were  ndurned  to  tludr  respe(dive  cages. 

A  total  of  twenty-niiK;  animals  was  fed  the  sucrose-containing 
diet  (I)i(d  'A~)'A).  These  animals  were  divided  into  three  groups 
as  follows:  Tw<d\(' animals  ((Iroup  4)  recfdved  t  he  di(d  unsupph^- 
in(>iite(l,  ele\-en  animals  ((Jroupoj  recei\-e(l  thisdi(d  sui)plement(Hi 
daily  by  .-ill  of  their  own  feces,  and  six  animals  ((Iroup  (i)  rec(dve(l 
this  diet  supplemented  by  ().2r)  gm.  daily  of  t  he  feces  voided  by  the 
animals  of  ( Ii-ouf)  1 . 

Sexenteen  animals  rec(>i\('d  the  diet  in  whi(di  k'udose  constituted 
the  source  of  carbohydrate  (l)i(d  :\r)ry).  Se\(-n  of  tlie.se  animals 
leceiwd  lhedi(d  without  addit  ional  suppleiiu'iit  ((iroup  7).  Five 
ef  the  animals  (( Iroup  S)  had  their  feces  ndurned  to  t  he  cage  daily, 
while  e:icli  of  the  fixe  remaining  animals  (( Iroup  !))  received  daily 
(».2.")  gm.  of  the  feces  xoided  by  the  animals  of  (Iroup  1.  as  a  sup- 
I'leiiient  to  the  died. 

A  total  of  twenty  animals  rec(d\-e(l  tliedi(d  containing  glucose  as 
the  source  of  carlxdiydrate  ( l)i(d  l^oO).  A  group  of  five  of  th(>,se 
:nnnials  ((Iroup  10)  reeeixcd  no  furth(>r  di(dary  su|)plement.  A 
•second  group,  cont.-iiniiig  nine  animals  ((Iroup  11  ),  had  tlndr  own 
f<'ces  returned  to  the  cage  daily.  l-lach  of  the  remaining  six 
'I'liiiials  ((Iroup  12)  recei\-e(l  daily  allotments  of  0.2.")  gm.  of  pul- 
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verized  feces  which  had  been  voided  by  those  animals  composing 
Group  1. 

Eighteen  animals  received  the  diet  in  which  commercial  coni- 
starch  constituted  the  source  of  carbohydrate  (Diet  357).  Six 
of  these  animals  received  this  diet  without  further  supplementation 
(Group  13).  A  second  group  of  six  animals  (Group  14)  had  their 
own  feces  returned  to  the  cage  daily,  while  each  of  the  remaining 
six  animals  (Grouj)  15)  received  daily  0.25  gm.  of  the  pulv(Tized 
fe('(\s  from  (he  animals  of  (Irouj)  1.  as  a  supplement   to  this  diet. 

A  condensed  outline  of  the  ))lan  of  th(\se  stu(li(\s,  togetluT  witli 
the  ('orres{)()n(ling  growth  responses,  is  gi\'en  in  Fig.  1. 

DiscrssioN 

On  examining  the  data  obtained  in  these  studies  (Fig.  1)  it  at 
once  becomes  apparent  that  those  groups  of  animals  which  had 
access  to  feces,  voided  by  other  animals  while  receiving  a  diet  ni 
which  dextrinized  corn-starch  constituted  the  source  of  carbohy- 
drate, made  a  much  more  favorable  growth  response  than  did  com- 
parable groups  of  animals  which  had  received  the  respective  diets 
unsupplemented.  This  condition  is  found  to  be  true  in  every  case, 
regardless  of  the  type  of  carbohydrate  used  in  the  diet.  On  the 
other  hand,  when  groups  of  animals  receiving  each  of  the  several 
diets  had  access  to  their  own  feces,  marked  beneficial  effects  toward 
growth  were  shown  only  by  those  animals  which  had  received  the 
diet  containing  dextrinized  corn-starch  (Curve  2).  A  slightly 
beneficial  effect  of  coprophagy  was  also  shown  by  those  animals 
which  received  the  diet  containing  lactose  (Curve  8).  The  well 
being  of  those  animals  which  received  diets  containing  sucrose, 
glucose,  or  commercial  corn-starch  was  only  very  slightly  affected 
by  having  access  to  their  own  feces  during  the  entire  experimental 
period  (Curves  5,  11,  and  14).  In  fact,  the  growth  responses  made 
by  these  groups  of  animals  did  not  differ  greatly  from  the  responses 
made  by  those  groups  of  animals  which  received  similar  dietaries, 
but  which  did  not  have  access  to  their  feces  (Curves  4,10,  and  13). 
When  the  animals  composing  the  various  groups  were  denied  access 
to  their  own  feces,  their  deportments  were  found  to  be  relatively 
similar  regardless  of  the  type  of  carbohydrate  used  in  the  diet 
(Curves  1,  4,  7,  10,  and  13),  although  less  paralysis  and  lower 
mortality  were  observed  among  the  animals  which  received  the 
dextrin  diet. 
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From  the  above  facts  it  ai)peared  evi(l(Mit  that  dextrinized  corn- 
starch was  at  least  one  of  the  dietary  factors  which  determines  the 
vitiating  effects  of  coi)rophagy.  Since  no  j)lausible  explanation 
was  known  concerning  the  mechanism  through  which  this  dietary 
factor  reacted  in  order  to  bring  about  this  vitiating  effect,  some 


Fi(i.  1.  Showing  griphicuUy  the  nvoni^v  growth  rcspoiKscs  made  hy  the 
several  groups  of  animals  during  the  S  week  experimental  peric.d  The 
number  preceding  the  growth  eurves  designates  the  resjjective  diets,  i\w 
number  in  parentheses  denotes  the  number  of  animals  considered,  ami  the 
numbers  following  the  growth  curves  designate  the  respective  animal 
groups.  The  break  in  the  curves  designates  the  initial  death  among  the 
animals  comprising  the  respective  groups. 

time  was  (l(>voted  in  an  attempt  to  throw  some  light  on  this  sub- 
ject. Any  belief  t  iiat  t  he  beneficial  eff(>ct  s  of  t  he  dext  rinized  st  arch 
was  due  to  the  retained  vitamin  or  vitamins  docs  not  .seem  tenable 
when  we  are  confronted  with  the  fact  tliat  the  untreated  starch 
failed  to  show  any  such  i)roperties  ((^urve  14).  Naturally,  our 
thoughts  turned  toward  an  investigation  of  the  intestinal  flora  of 
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experimental  animals  which  were  receixinji;  some  of  the  diets  men- 
tioned above.     In  our  past  experience  with  vitamin  15  complex- 
deficient  diets  containing  dextrinized   corn-starch,   sucrose,  and 
glucose  as  sources  of  carbohydrate,  we  ha\-e  ()bserv(^d  a  very  defi- 
nite contrast  in  the  nature  of  the  feces  voided  by  the  animals  given 
dextrin,  com])ared  to  the  fin-es  voided  by  the  animals  nn-eiving 
either  the  sucrose  or  the  glucose  diets.     'i1ic  feces  voided  by  tluj 
animals  gi\(^ii  dextrin   were  inxariably  well   fornicd,   l;trg<-  bulky 
pellets,  haxiim  a  da?k  gi-a\  i>ii  color,  wliilc  t  ho-c  yojdcd  h\'  aiiiii!:!|. 
r(M'ei\-ing  the  sucrose  and  the  glucose  diet,^  w^'rc  ii>uall>'  small  black 
})ellets  of  stringy  or  irregular  form,  and  of -ucli  iiat  u  re  a>  !o  nida-it,. 
a  certain  degree  ot"  cou-f  i[.;it  iou.      Ii.   tlierefore,  xcin.'d   (n!n<l\ 
j)ossible  that   the  beneficial  eiTects  of  c(*propliagy  among  ral-  re- 
ceiving diets  containing  dextrinized  corn-starch  might  be  the  result 
of  the  action  of  certain  microorganisms  t  hat  inhabit  ed  t  he  digest  ive 
tract  Oi  tiic  aiiimal.^  vvheu   taken  from  ihe  'oreeding  colon v  and 
placed  on  exi)eriment.     And  it  also  secaned  that,  if  such  was  the 
case,  the  effects  of  copro])hagy  might  become  less  ])r()nounced  as 
the  e.xperiment  i)rogressed.     An  examination  of  Curve  2  (Fig.  1) 
does  not  show  this  to  b(.'  the  case.     In  fact,  when  experimental 
animals,  which  received  diets  containing  the  dextrinized  stareli, 
were  denied  access  to  their  feces  for  the  first  21  days  of  the  experi- 
mental period,  and  jifter  this  date  were  U^d  their  own  feces  daily, 
the  resultant  growth  responses  were  eom})arable  to  those  produced 
by  other  animals  on  a  similar  regimen  but   having  access  to  tlic 
feces  from   the   beginning  of  the  <"xperiment    (('ur\cs  2  and  3). 
From  this  it  appears  that  either  the  bacterial  flora  of  t  he  digestive 
tract  of  the  rat  is  not  readily  altered  by  changes  in  the  dietary 
habits  of  this  animal,  or  else  the  })acterial  flora  in  the  digestive 
tract  of  the  rat  (when  placed  on  exj)eriment )  is  not  an  im])ortant 
consideration  in  this  coimection. 

The  bacteriological  jdiase  of  th<'  i)roblem  was  attacked  from 
other  angles  with  the  hoj)e  of  ascertaining  the  etiological  factor 
miplicated.  This  study  was  conducted  solely  on  experimental  rats 
receiving  eitln^  the  dextrin-  or  the  sucrose-containing  diets,  since 
such  rats  had  shown  the  greatest  discrepancies  in  the  feces  voided. 
The  most  suggestive  part  of  this  phase  of  the  study  ],resent<'(l 
itself  when  feces  from  groups  of  rats  receiving  these  two  diets  (Diets 
349  and  353)  were  susinaided  in  saline  solutions  and  streaked  on 
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eosin-melhyleneagar.  The  results,  while  not  (lefinit<"ly  <'onflusi\c. 
wen'  sufficiently  indicative  to  state  that  cultures  made  from  the 
feces  of  rats  Uh\  (mi  thed^'xtrin  diet  resulted  in  an  afiundant  growth 
of  no?i-metallic  tyjx'  of  colonies,  whereas  the  (adtures  made  fr'om 
tlie  feces  of  the  rats  receiving  the  sucrose  diet  gave  invariably  the 
typical  metallic  colonies,  and  these  in  relatively  small  numbers. 
Such  findings,  iiowe\  ar,  did  not   [)ro\(' of  definite  significanrc. 

■"^''I'"''    atteninlv    h»    |\.,.(|    culture^    of    ihc    \;iri()U-    l^i.Iatloii^    of    the 

i""i-'ii''''i"i''  eo!,,ni<-  of  oio;im-iii^  !o  \  il;iinui    H-d  (  f  aa.  •  1 1 1    ;innii;ds 
a-  diet;iry  -uppleuMaiK  <  la!  nol   na'i't    w  il  h  -ucce^^.  ;,  n  ;ii  t  cm  pi   \v:i- 

"'■■'<i''    '<>    loeMlr     tlir     p;i  M  |(  ^u  l;i  r     reilK.n     of     iji]^     ^\til||e!|,-     -hIivUx- 

^^"'i'"  'Ik'  diue.i  i\,.  I  ,-;iri   nf  ilic  ra  I  .       lu  ord-  r  to  d.>  i  j,|..  i  \s,.,|i  v- 
tlin'c    iM'altliy   young    ral>    wiav    mamtained    on    tde   d<'\lrui    diei 
(l)iei    :i\\))   for    I    weeks.      'jdi(y   were  tluai    killed   and   the  (ail  ire 
dilXi'stivc  tract    ((anoxcd   ;nid   cut    info  <.i(ilo    »,i-,,.w.. •(;,.•,.,  I   \,.,.,,t\ 
The  unabsorbed    material  was    nauovcd    [nnw    each  of  the  corre- 
sponding sect  ions  separately,  dried  in  a   partial   vacanun,  and  ii-i\ 
in   proportional   amounts   to   other  animals   as  supphaiaaits   t(.   ;i 
vitamin    H  complex-deficicait    diet.      The  results  obtained   |)ro\(M| 
unusually    int<'rest  ing.      Crowth    respon.scs    were    made    only    bv 
those  vitamin  B-defi(a"(ait  animals  which  reccavcd  the  unabsorbeil 
material  from  the  cecal  and  the  colonic  sections  of  the  digest  i\r. 
tract.      .Material  which  had  been  takcai  aseptically  from  tia'  ce(aini 
of  dextrin-fed  rats  ajid  (ailtured  on  a  sterile  medium  (made  up  of 
I).-)  p.-irts  of  milri(ait   broth  and  o  p;irts  of  Diet  WW))  f(,r  1  days  ai 
.'^T^gavca  |)rofuse  growth  of  yeast  .  while  mat  (-rial  tak(ai  from  the 
'•''cimi  (»ftli(«suer(».M'-fed  r.atsaiid  treated  m  .a  similar  manner  gave 
only  .a   nnxed  (ailtiire  with  a  preponderance  of  the  colon   type  of 
organi>m.      Wlaai   the  same  materials  were  (ailtured   on   a   sterile 
""•'li'ini  containing  O.")  parts  (d'  nutri(ait  broth  and  :>  parts  of  Dm  I 
0.').'^   tuider  similar  co?iditions.    little   or  no  growth   of  yeast    wa> 
"hservcd   from   cather  (ailture.      Tlie.M'   results  indicated   that    thi> 
phase  of  the  investigation  wa>  a  definite  probhaii  in  itself;  t  here- 
f'Tc.  IK,  efforts  were  made  to  carry  these  part  i(aikar  studies  fxyond 
this  point . 

Asa  result  (d"  Ihe  above  findings  we  W(ae  led  |,,  jwlicxc  that 
w  had  finally  (drained  an  answer  to  the  (juestion,  why  is  dextrin 
an  unsati>faclory  soinee  of  carbohydrate  wli(ai  inc(.rporated  into 
•iK'ts  u>ed  in  assaying  for  the  \\  vitamins'.'     Siiae  the  pres(ai(e  of 
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y<":<'^<  '"  <'><'  <li^rsli\(>  li-.'irl  li.'id  Im'cii  cslMhlislicd.  little  n- 
inniiH'd  to  he  Mssuincd  ms  to  why  copropliM^y  niiioii^  cxpcri- 
nH'iit.'il  rats  rcccix  in^-  diets  contMiniiio-  dcxtrinizcd  (.oni-st.'ircli 
had  \itiatiii^-  v\'\\'r\s  on  xitMiniii  H  .•itid  \itniniii  (i  assnys. 
Our  attention  had  been  prexionsly  attra('t<-d  by  the  nnnsiially 
lar^-e  eeeuni  of  those  animals  which  had  reeeixcd  the  dextrin- 
ized  eoni-stareh  diet  compared  to  the  si/e  of  the  cecum  of  other 
■■""'"'■''■^  'li'"»'  li-'"f  rccei\c(|  \  iinnnii  T.  coinplrxHl.ficicnl  diel-  whirh 

'■""'■'!'!•■'!    •■I'll*'-   -lM'f..-<'    MT    uhlrn.,^    ,,.    M,,      M,iin.-    u  f    r ; ,  r|  m  .h  \  .  h';  1  !  e 
*  ^"  ••Ililop^X    <A:i,,,|,i;iMn|,   of  Mich   :Mimi;il,^,   Hir  (•cenm   of  Mir  (JeMrin- 
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'■'^    ^'"'   '''"'    "'    ""'   <'M><"MI11. •„(■,!    p.M-in.l.    ;i>    urll    ,.,s    (|,;,t    (.f   ;,    „nnii;il    ,-,„,„n| 

"f  ro,niK.,:,l,|,.  u.MKl.f,  uh,.|,  I,;,, I  Ih.m,  fr,!  :,  ,|iVt  rontiu-nn.K  .l.'xtr.M  as  the 
sole  source  of  c;i  rholi yd  r;i  (  e  . 

t<'<lnit  w.-is  iiivanal)!yf(,und  to  lM-,hsteiide(|;,n(l  fill. •(!  with  residual 
'In-tary  mat. Mial.  while  tlMM-eeum  fr.»ni  1 1,.' su.-ro>.-f.'.|  rat  ..rthat 
nt  th(>  kIucos.'-IV.I  rat  was  usually  c.,ntra.-ted  and  pracli.-ally  \.,id 
"t  food  material.  Sin.-..  previ.Mis  t.-sts  had  sli..wn  that  t  h.*.  .-ecal 
'•oMt.a,tsofd,..xtrin-fe.l  rat  s  was  hiohly  ..|T.".-t  i  v.-  in  supplem.a.t  in^r 
.••  vitamm  l^d.-fici.ait  .li.-t.  it  s<...m...l  highly  pn.hahl..  that  the 
•■'•*'»>"••.'"  ion  of  tiM'  suppl.anentary  suhstanc-s  nn-l.t  tak.'  plac."  in 
thisor^an.  T.»  .I.'t  .'rmin..  if  t  his  was  a.-I  uallv  1  h<- .-as.- t  w.>  h.'alt  liv 
'•■•its  ot  about  (iO  .jnys  .,f  a^v  w.-re  an.-st  h.'t  iz...l  and  th.>  c.'ca  r."- 
it'ov..<l(Fi<.,2).    Onlyon(..,fth..animals.M,mi)l..telvr...-ov<.n.dfron. 
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the  operation,  tlic  other  liavin^  died  several  days  after  the  o})enition, 
(3vidently  as  a  result  of  intestinal  obstruction.  The  animal  that 
rccovenHl  was  j;i\'en  a  (>  week  |)osto])erati\-e  period,  during  the 
last  4  weeks  of  which  it  recei\<'(l  our  regular  breeding  colony  diet. 
At  the  end  of  the  G  week  postop.'rat i\-e  })eriod  this  animal  was 
placed  on  the  dextrinized  corn-starch  diet  (Diet  )M9),  and  was 
maiiitaine<l  on  this  diet  through. )ut  Ih.'  r.'maind.'r  of  the  experi- 
iiieiil.      Durinsi,   the    lir^l    'JS   da\-,    the   anmial    receixed    this   diet 
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In;.  ;i.  Sliowinii;  the  responses  made  l»y  ;i  cecect  oini/.eil  ra,t  (Aiiiinal 
!)4<)4-A)  receiviiit^  ;i  vitamin  H  complex-deficient  diet  as  a  I'esult  of  certuin 
dietary  supplements,  as  u.dl  as  the  responses  made  hy  anolh.'r  animal 
fXo.  0404)  \vhi(di  had  access  to  ;lI!  feces  v<-i(led  hy  the  c'cectomized  uiiinial. 

without  additional  sui)plement.  an.l.  as  the  result,  declined  in 
weight  to  th.'  ext.'ut  of  iM  «2;m.  The  animal  was  then  {v(\  a  daily 
suj)plem.Mit  of  0.1  <rm.  of  j)ul\('rized  [vvv<  which  had  be.'ii  xoided 
hy  th.'  animals  of  ( Jroup  1 .  The  fe.(lin<;-  of  [cw^  as  a  diet.arv  suj)- 
pleinent  was  continu.'d  for  o  we.'ks,  durin<;-  which  time  the  animal 
f!;aiiied  !>(>  ^ni.  Durinj^  the  next  1  w.'eks  the  basal  diet  remained 
unsupplemcFited,  and  a<iain  th<'  animal  lost  w<-i^ht.  this  time  to 
tlieext.-nt  .)f  .'U  «;in.  This  was  followe.l  by  a  o  w.'ck  p.-riod,  during 
which  0.2  «!;m.  of  dry  bakers'  yeast  was  {v(\  daily  as  a  dietary  sup- 
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plemont.  During  tliis  yeast  feeding  period  the  body  weight  of  the 
animal  increased  38  gm.  When  tliis  yeast  f<>eding  was  discon- 
tinued, tlie  animal  declinc^d  in  weigiit,  with  the  resultant  loss  of  28 
gm.  during  a  5  week  period.  But  when  the  yeast  supplement 
was  again  fed,  this  loss  in  weight  was  rapidly  regained. 

After  tiie  cecectomized  animal  had  been  on  the  dextrinized  corn- 
starch diet  for  a  2  week  jK^iod,  the  feces  of  this  animal  W(Te  col- 
lect(>d  daily  and  fed  to  anotlier  but  younger  animal  whicli  received 
tlHMlict  containinj^siicroscMs  t}iecarh<)hy(h-ate  (Diet  ;^.",S).      \'i^/,> 
shows  t  he  various  changes  in  regimen  of  t  hese  t  wo  animals  and  also 
;ii ves  ( he  corresponding  responses  mad.'  as  a  result  of  such  changes 
From  an  examination  of  the  (wo  growth  nirvvs  given  in  Fig  I] 
it  is  shown  (luile  conclusively  that  Animal  9104  could  not  maintain 
growth  while  subsisting  upon  a  vitamin  B  comijlex-deficient  diet 
which  was  supplement(Hl  daily  by  the  fec(^s  voided  by  Animal 
-  -T.,   -AVvp.    .\^.Wi  tii(    latLi-r  aiiiiiiai   was  also  receivmg  such 
dietary  supplements.     ^Fhis  would  indicate  that  the  feces  from 
Animal  9404-A  did  not  contain  the  required  substances  necessary 
to  supplement  a  vitamin  B  complex-deficient  diet,  excei)t  when 
the  diet  of  this  animal  was  being  supjilemented  by  such  dietary 
essentials.     Such  had  not   been    the  case  when   the  animals  Jf 
Group  6  had  hevu  fed  the  fences  voided  by  the  animals  of  C;roup  1 
(Hg.   1).     Therefore,  it  seems  highly  probable  that  the  supple- 
mentary value  of  the  feces  ^'oided  by  Animal  94()4-A  had  be.^n 
greatly  reduced  as  th(^  result  of  the  removal  of  th(>  cecum 

It  is  recognized  that  definite  conclusions  cannot  be  safely  drawn 
from  the  observation  on  only  one  animal  or  a  pair  of  animals 
ihe  data  obtained  in  this  connection  are  significant,  however  in 
that  they  substantiate  that  which  had  been  formerly  obtained- 
namely,  that  it  is  in  the  cecum  of  the  dextrin-fcni  rat  that  the  unab- 
sorbed  food  materials  first  become  capable  of  supplementing 
vitamm  B  comph^x-deficient  dic^ts.  Thus,  it  would  appc.ir  that 
the  cow  IS  not  unique^  in  its  ability  to  synthesize  the  B  vitamins  in 
Its  digestive  tract  (3).  The  cow  do(^s  have  the  advantage  over  the 
rat  1,1  that  the  vitamins  are  syntlu^sized  higher  uj)  in  the  alimentary 
canal  of  the  cow  (rumen),  thus  enabling  this  animal  to  secure  (on 
a  ration  deficient  in  the  B  vitamins)  full  benefits  of  the  synthesized 
products  without  the  necessity  of  reingestion  of  f(>ces 
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SUMMARY 


1.  Data  are  presented  which  show  that  the  vitiating  effect  of 
coprophagy  on  th(^  assay  of  the  B  vitamins  is  much  more  serious 
when  the  experimental  diet  contains  dextrinized  corn-starch  as  a 
source  of  carbohydrate  than  when  the  diet  contains  a  similar 
amount  of  either  sucrose,  lactose,  glucose,  or  commercial  corn- 
starch. Lactose,  however,  appears  to  occupy  somewhat  of  an 
intermediate  position  between  the  dextrins  and  sucrose  in  this 
respect. 

2.  This  jXM'uliar  j)rop(Tty  of  the  dextrinized  corn-starch  is  not 
due  to  the  retained  B  vitamins,  but  rat  lier  to  t  he  formation  of  these 
vitamins  in  the  lower  jiart  of  the  digestive  tract  of  the  rat,  as  ;), 
result  of  the  incomj)lete  digestion  of  this  particular  form  of  carbo- 
hydrate. 

3.  This  dif^tarv  ela})oration  MTujjirentlv  tHkcw  rdncc  in  tlw  o(u>\mu 
of  dextrin-fed  rats. 

4.  Since  live  yeast  cells  were  found  to  exist  in  the  cecum  of  such 
rats  in  enormous  nuinb(?rs,  these  microorgaiusms  are  believed  to 
be  the  specific  agents  of  elaboration  of  the  B  vitamins. 
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INTENTIONAL  SECOND  EXPOSURE 


Summary  and  Recommendations 

Residues  on  Pennsylvania  a])i>les  in  1^)34  exceeded  the  le.ual  tolerances  in  many 
cases.  Vov  1^^35,  these  tolerances  have  heen  set  hv  tlie  h'ederal  (lovernnicnt  at  .OlS 
grain  of  lead,  and  .01  grain  of  arsenic  trioxidi'  i)er  pound  of  fruit.  This  means  that 
growers  who  must  spray  in  July  or  August  to  control  codling  luoth  or  maj^^.it  will 
almost  certainly  l)e  faced  witii  the  necessity  f(tr  washing  the  fruit  in  order  to  market 
it   legally. 

Over  500  saiuples  of  Pennsylvatu'a  apples  were  subjected  to  various  experimental 
washing  treatments  in  l'^.>4.  It  \\a<  tound  that  tln'  satisfactory  removal  df  had  pre- 
senti'd  a  l;.  ater  pruhjcui  than  that  nf  ;u-^i'nir,  and  that  certain  CMlu■|u^i()Il^  hascfi 
upiii)    vtiithr--   111    thr  ar^riii^     rcinii\,il   al(ii)r   (!m   !i<'t    inri  !    prc^t  nt    i  ciiuircnn  iit  ■>.      kcsnlts 

i:!    tiirvr    It-!-.,    :{-    i"t]M.r-i'(l    M!    tin-.    Iiulirt!)!.    ,i|ii)r:ir    I..    ju--tii\     till      1.  Ill 'W  !iu'     rri-()ni- 
nu'iiijat  ii  >M-  : 

Spiay  rrsKJtics  (liitirull  I'l  rrni'.\i'  -hi'ulil  !  k^  axiiidtd  h\-  f' IIi  i\\  iiii'  tlii  -i>r-a\i]..i 
rcr. 'iDinrrnl.iMi  in-    v)\<\\    !iir..n<'li    l!i<     nt'iice   of  cat  h    ('iinn!\      \  l:  ini  n' !  ni":i  1     X^'int. 

hrmt    shiinld   lie   washed   at    liarM-t,   not    as   talaii   fr'aii   sturagi'. 

A    home-made   flotation   type   washer   can   he    recoinnuiidcd    for    Pennsylvania   condi- 

tlMlls       t'<n('("i;d  I  \'      \i\r      <1^^^,l]]      <  iiritit  if  ic^      i.t      trnit       l>iit      llw      tn.  ir»'      c  \  iwn  ^  i  ^-i .      n.wli..-    I,,-.,   1, 

'  -  " '      --      .  ■  -     .  - -  1     .  .1  1..  ,  1 

machines  are  sonu'what  mor*,-  efficieiu. 

Hydrochloric  acid,  at  1.0  to  2.0  per  cent  concentration  hy  weight  (3  t^  o  gal.v 
20'  P>.  acid  per  100  gals.),  should  he  used  to  secure  luaxuuuni  residue  removal  with- 
out injury  to  the  fruit.  One  mimite  ixi>osure  to  the  acid  in  a  tlotatinu  machine  should 
he  satisfactory  in  most  cases. 

The  necessary  concentration  of  acid  depends  on  the  atuount  of  lead  tu  he  removed, 
the  spray  luixture  eiui)loye(l.  and  the  variety  of  fruit.  .\  wash  containing  1.5  per  cent 
acid  should  meet  most  needs  in  1935. 

The  acid  solution  should  he  tested  at  fr^  (pient  intervals  and  restored  to  the  desired 
strength,  and  should  he  changed  completely  alter  each   1.000  hushels. 


SutTicient   tpiantities  of   rinse  water    (2   to   .^  gallons   ]x.'r   hushel   of   fruit)    slK.iild 
used  to  remove  all  traces  <.f  acid  from  the  wash.ed  fruit. 


DC 


The  keeping  (piality  of  the  fruit  is  not  unpaired  hy  packing  the  ai)i)les  wat,  hut  the 
use  of  a  drier  facilitates  grading  and  packing. 

The  addition  of  wetting  a^ents  or  salt  to  the  hydrochloric  acid  ^.dution  has  yivtn 
no  consistent  iHiiefit  in  the  removal  of  lead  from  apples  si)rayed  aiaa.rding  t"  I'enn- 
sylvama  recommendations.  The  u^e  oi  wettini.;  agents  may  he  justified  in  other 
states  where  lead  arsenate  has  heen  combined   widi  or  followed  by  mineral  oil   spray-. 

If  apples  are  tK-t  cleaned  satisfactorily  with  cold  2  per  cent  hydroehloric  aiid  sniu- 
t:on.  It  IS  recomnunded  that  the  temperature  of  the  acid  be  maintained  at  100  F . 
tlirough  the  use  of  electric-  immersion  heaters,  the  introduction  of  live  steam,  (»r  '>t 
steam  coils. 

Oidy  whin  hydrochloric  acid  at  100  \- .  fail-  to  give  satisfactory  residue  rem<)v;il 
IS  It  recommended  that  the  machinery  be  slowed  down  to  give  P..  to  2  minutes  cx- 
IKisuri'  of  the  fruit  to  the  acid  solution. 


Removal  of  Spray  Residues 

From  Apples 

Do.X.M.I)    I-:.    Ii.    I'RKAR   .\.\l)    IIaRI..\.\    .\ .    \\'(  )RTn  I  .K  V 

TIN':  I'o.s.mi'.i.i-:  ixn'soiiotis  clVects  of  U-ad  :iii(l  arsc-iiic  oti  tlic  surface  oi 
trtiit  s|)ra\C(l  willi  lead  arsc-iiatc  lia\c  l)rcn  (h^rtisM-d  for  many  \c-ars. 
As  carlx-  as   1S'^\  the  toxic  clTcTts  of  ^prax-  rc-si(hn's  were  c.  .n'sidcred. 

|)arliriilar]\-  lead  arsciiatc,  wliidi  wa-  jii-i  cmiiiiii-   into  ii-c  a-  ;in  inMali(a(K'. 


i''    ■•iiii'^'iii!    I.I    ai-M  iiic    v\lii,li    iM.ix     !,(     pia^oMt     m    |,mm1    nial'Tial--    u 


is 


Un\]\r<\  h\  inic  iiiMd  ,ni.'|  .liai"-  ari  ..!  ]''()(,  i,,  ().()]  ,,1  ;,  iTiiin  oi  ar-ciiu- 
trioxidc  per  OMinid.  In  v,,mc  ..ctiMii.  ,,t  tli,.  roiiiilfx  ii  tlicii  l.ccanic  <\\\- 
UcuU  'M  rniiMnl  i!i!r-!aliM!i.  ,,]  !  |  ir  todhn-  H  h  .1  i  1  ;ind  -nil  Ko,-j,  ilir  am-aiiit 
ot  arMiiic  lainamni-  on  the  inm  \,r\i<\v  \]u:  h'crh  raJ  i.,l<rancc  limit.  In 
I'L'h.  in\cstiL^ations  were  bc-nn  in  scvaTal  states  on  ilu-  ])<  issibilit y  of 
washing  the  fniit  to  ri'inoxc  llie  liii.'li  rcsidm-s  pia'sciit. 

Ill  ia-nns\l\ania.  iii^iucr  (-(.diino  moth  mlcstatioiis  lia.\a'  prcxailcd  until 
recent  \ears  ;  consi-(|tiently  fewer  spray  api)licatiotis  have  heen  necessat-y. 
Relatively  small  amounts  of  sprav  residues  remained  on  the  fruit  at  har- 
vest; hence  the  i)rol)lem  of  residue  remoxal  was  not  important  iti  this 
-tate.  Ahont  \^KM),  however,  it  hc-camo  ajjparent  that  the  codlino-  moth 
poptilation  was  increasino-  rapidly  and  that  it  would  he  necessarv  to  in- 
crease the  iiiimher  of  spray  applications  in  order  to  i)r()diice  clean  fruit. 
Tl-,e  situation  became  acute  iti  I'^^.l  when  the  b'ederal  authorities  ])laced 
a  liinit()n  the  amotint  of  lead  as  widl  as  of  arsemc.  In  ]^K^^,  many  I'etiti- 
sylvama  orchardists  sj)rave(l  more  lightly  than  the  codling-  moth  infesta- 
tion demanded,  in  an  attempt  to  meet  thi'  IcLjal  residue  limits  without 
\vashin,<^.  TTii>  i)ermitted  the  insects  to  increase  at  an  alarmin-  rate,  [ii 
IW.  a  lar-i-  iiiind)er  of  i^rowers  witc  faced  with  the  necessity  of  washini,^ 
their  Iriiit.  since  the  ntimher  of  tu'cessary  spray  applications  left  a  residue 
f)f  ars"mc  and  lead  several  times  the  le^^al  tolerance,  which  then  was  .OP^ 
i^naiii  ot  lead  p(  r  i)oimd  of  fruit  and  .0]  orain  of  arsenic  per  poimd  of 
fnut.  TTie  k-i^al  tolerances  for  P).^5  haxc  heen  set  at  .01 S  orain  of  lead 
per  pound  of  fruit  atid  .0]  orain  of  arsenic  per  pound  of  fruit.  T\i  meet 
these  toleratices.  fruit  waslniu;  will  he  necessary  for  those  L-rowers  who 
tace  the  necessity  of  sprayini^'  in  fiilv  or  .Xtii^Mist  for  the  control  of  coflliipi^ 
moth  or  apple  ma^Ljot. 

Ill  order  to  answer  some  of  the  most  pressins^  (jnestions  on  washino- 
nu-tliods  under  Pennsylvania  conditions,  experiments  wefe  hcL^mn  at  State 
Oillej^e  and  in  .\dams  ("otmtv  dnrin<'-  1*M4. 


How  Spray  Residues  May  Be  Reduced 


Anv  method,  mechanical  or  chemical,  which  will  remove  tiKuiLdi  spray 
n'subic  without  injtiryinir  the  fruit  is  sati^factorv.  T\vo  main  methods 
nave  heiii  sii^i^csted  :  dry  hnishin^-  or  wil)inL^^  and  w•ashinl,^ 
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per  iK)un(I.      Ill  addition,  ajiplcs  on   tlu-   lower  braiK-lics   invariahly   retain 
more  residue  tlian  those  in  the  u])per  parts  of  the  tree. 

A  detailed  descri])tion  of  a  satisfactory  hoiiie-niade  flotation  waslicT 
with  scale  drawini^^s.  is  ,^iven  on  paii^es  11  to  Kl  The  experimental  re- 
snlts  re])orte(l  in  '1  able  2  were  secured  with  tiiis  type  of  washer. 
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by  a  contiiUK/iis  series   of   paddles   on   an   eiidlos   chain,   or   other   similar 
means,  and  are  snhjected  to  a  heavy   spr.-iy  or   Hood  of   waslmiL;   .^oIuIkhi 
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■I'^l'l-'-:    ••!■      <  oM|'\|ns(.\    ..I'    spKW      K'lSiril      IOMo\\|      I-,     F!n|\||(,\     \\    , .  1 1  i   i.     \m 

iUiLMl    WAMii.K    Al     KOU.M    Ti.Ml'iJr\'H  lO. 


K'V 


ill    1-    \\:idn 


Viiricty 


(  r  r':i  i  1 1     Iter    r  w  « i  m  i  <  I 


Arsenic  CAsjO.i) 


'      Aft.r  Aft.T      I  Aft.T  Atlrr 

H.'for.'    JlotiitK.n        \,v\i-\\  Hrtorr      (li.ialK.M      drii.-li 

washiij^'       \\ii>l).r       waslur     \mis|||iik       ua.-li.r       ua>li(r 


York    ... 
Stayiiian 

York     ._ 
Stayniaii 


Hyilrdclildi  ;c     ,H  id 

.nit  .(111 

.o.a  .OK, 

."i;,  .(lit; 

.07:.  .(ii,s 

Hydriicliloiii     and 

.(111    1  .(i-jo 

.<i|;i  .(ii,; 

.17.",  an  (I 


.(d4 

.018 

.(115 

.Oil? 

.dp. 

ail:> 

.HI  1 

.(.N 

.01.-. 

.(rj-i 


.01., 


.(M\\ 

.(Ki<; 

.Hll 

.na 

.IH     1 


.1  <i:: 
.(O-j 

.IM'., 

.Ilia 

ai  :: 

.Hi.; 

.IKIJ 

.Hi:; 


I 


I  her 


>nish    //  r/.v//<T.v.    -Ihesr    are    e.imi.j.ed    with    ndarv    hrnslu-.    nl 
nihher    or  other   material,   over   winch   the   applet   na^.    ni    their    uvn<^r^^: 
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mm   thns  is  snhjected   to  a  mechanical   sernhhin^   action,   as   well   a<  m  a 

lood   o     wash   solntion.      This   n.mhined    mechanical    and   chemical   action 

^  on  the  averat^e,  an, ore  ellicient   niean>  of   removing;  residues  than  anv 
^>»   the  methods  preriously  descrihed.  as  ,s  shown   in  Table  ,^.     The  brush 

nachme  did  not  alwavs  remove  more   le.-,d   and  arsenic  than   the   flotation 
ac  nne,    but    this    was    trne    in    mo.t    cases.       heca.isc-    of    their    complex 

u      amsm.  brnsh  washers  are  considerably  niorc^  expensive  than   dotation 
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Wash  Solutions 


Alkaline  Wash  Solutions,  In  tlu'  apple  s^rowim;  sections  of  the  Pacific 
Xorthwest.  where  niineral  (d'l  spravs  are  appliecT  frecjuentlv  in  summer, 
alkaline  washes  of  sorlinm  silicate  (.r  sodium  carbonate  ha\-e  been  used." 
Ihese  are  less  eflicieiit  than  hydrochh  nat  acid  soluti(dis  under  IVnnsyl- 
vania  conditi'dis.  Oil  sprays  m.av  make  alkaline  washes  necessary  'in 
Pennsylvania  in  the  future,  but  under  present  Cdiditions,  in  which'  the 
i^Towcd-  use^  eastin  spreaders  or  lis],  ,,i!,  dHnte  livdrocbloric  acid  i«.  su- 
l-erior.  ^  Table  \  shows  the  auKdints  of  lead  and  arsenic  la  moved  bv  s.,hi- 
lioii.  .,1  sodium  siheate  as  compared  with  hvdrochhdac  acid  wash  solu- 
tions. 

.1(1(1  ll'asli  Solu/lons.  I  )i]me  solution^  of  hv<lroehloric  acid  are  the 
ninst  elfieant  wash  soluti(dis  under  !  Vamsvlvania  conditi.dis.  The  i^reater 
the  streiiL'th  (.f  the  acid,  the  m.d-e  residue  ',s  reiiioxcd  (Table  2),  biU  wlu-n 
coaeenlrati.dis  abo\('  2  per  cent  bv  wei-ht  are  used  there  is  d.ai'i-er  of  in- 
Jiinn,<,Mhe  truit.  h"or  most  \arieties.  a  solution  containing-  1 .5  per  cent 
hy  weii^ht  probably  is  mo->t  satisfact(d-\-. 

Making  and  Testing  Acid  Solution 

(  oinmercial  hydrochloric  (muriatic)  aci<l  ..f  2i)  I'.aunu-  slreuLrth.  in 
Cdrbovs.  is  the  cheapest  wav  to  bnv  the  acid.  The  carbovs  hoM  125 
r-'iiiids.  or  approximatelv  ]2  -alhdi^  .if  acid,  contamm-  about  .^1..^  per 
(t-m  b\  w(-i-ht  of  the  pure  :\c\(\.  To  make  a  wash  M.luti.di  contaimn-  one 
'^^■'' ^''"i^  "'  '''<■  'i^""l  '>v  wci-ht.  ai.nro\iniatel\  2( >  p-dinds  of  the  c.diimercial 
J^  i'.aume  ac-id  shouhl  l^.  p,^.,]  |,^.,-  ]()()  gallons  of  uater.  or  about  .^  <:al- 
l-'Hs  ot  acirl  per  1(K)  -allous  of  water,  |-or  a  1.3  per  cent  acid  .^olutTon, 
■+..-^  ,i;allons   should   be-  Used   per   1(H)  -.allous  of   water.      Table   .^   shows  the 
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The  concentrated  acid  is  \-erv  corrosixc  and  should  not  com 


with  the  skin  or  clothini^.      It   is  wi.^t'  to  have  a  hai^   of   hydraled   1 
hand  to  neutralize  any  spilled  a.cid.     The  acid  should  he  measured 
i^lass  or  sound  porcelain  utensils. 


e  m  contact 
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»»iit  ill 
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time  it  .i^radually  loses  streuL'th.  This  is  due  to  neutralization  of  the  aci 
l)y  the  s])ray  residues,  and  to  dilution  resultin<^-  from  moisture  on  the  fruit. 
Some  ot  the  acid  solution  usually  is  carried  over  on  tlu'  surface  of  the 
ap])les  into  the  rinse  tank,  thus  resultini,^  in  a  further  lowerinj,^  of  tlie  acid 
tent.      In   order   to   add   the   re(|uire(l   amount    of    watc-r   and    acid,   tlu 

re(|uires  a  10  cc.  trans 


^on 
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treni^nh  of  the  acid  nuist  he  determined.     The  test 


er  ])i])ette,  a  10  cc.  i^n-aduated  piiK'ttc-.  two  i^la^s  tumhlers,  and  a  standard 
ilkali    solution   .and   indicator.      Standard   alkali    solution    mav   he   ohtained 
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honate  to   l(X^)  cc.   of   water,   with   sufticient    methvl 

a  yellow  color.      The-   pipettes   may   he   <t'cured    from   anv   chenn'cal    ^upplv 
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Vnv  example,  if  the  solution  re(|uire(l  S  cc.  of  alkali  solution  to  neutral- 
m   it.   this   would   indicate  ;m   acid   strength   of   O.S  per   cc-nt    hvdnK'hloric 


acid  hv  wei,L;ht.      To  make   1(K)  jjallons  of   this  s(tliit 


by   wei,i;ht    it    would    he    necessary    to    add    {).2    (1.0  O.S)    x    .^ 
a]'proximately  ().(>  i^allons  of  coiu-entrated  acid. 
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Care  should  he  taken  that  all  i^la 

When  a  waslu'r  ot  standard  >']/x'  is  used,  the  acid  solution  should  1 
changed  after  washing'  ai)proximatel\'  1,000  husheU  of  ai)ples.  This  re])- 
rcsenls  an  a\-eraL;e  da\'s  run;  it  iisuall\-  is  ino-t  c-(  divcnieut  to  drain  the 
washer  in  llie  e\;iiinL'  and  In  make  up  a  n<A\-  solnlKMi  each  iiioniiii". 
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Pennsvi.vanma    Ackic  ri.TruAi.    I^xtkrimknt    Siatiom 


IVrttifu/  Agctits. — These  lower  the  surface  tension  of  the  wash  solu- 
tion and  allow  the  waxv  surface  of  the  a])|)le  to  he  wet  coni])letelv. 
Theoretically,  they  should  allow  a  more  coin])lete  renio\al  of  spray  resi- 
dues. Several  of  these  materials  were  tested  on  i'enns\lvania  fruit  in 
1^\35.  Representative  results  are  qiven  in  Tahle  7.  In  general,  no  more 
residue  was  removed  when  the  wettini^  agents  were  added  than  wlun  acid 
alone  was  used.  Wettini;-  agents  may  have  a  ])lace.  however,  in  Vvasliimr 
a])]^les  that  have  heen  s])raye(l  hea\ily  with  mineral  oil-lead  arsenate  ^jjravs 

.V(///. — The  addition  (»f  common  ^alt  to  acid  wasl'  s,)]ntinns  lias  ap])earr(l., 
in  sonu'  other  stction>,  to  tacdifate  residue  remnxal.  l\stN  with  I'ciin- 
s\l\ai!ia  a]iplcs  in  I'M  I  (  rahlc  S)  mdirahil  th:it.  while  -al!  maw  lia\f  in- 
creased the  rein(i\al  <il  arseiiR-  in  nioM  instance-,  it  nileifered  wnli  tin- 
rtniov'il  ot    lead. 
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Rinsing 

Kinsin;^^  the  fruit  is  very  important  in  any  typi-  of  wa-lu  r.  iMaiit  ijii- 
])r(.])erly  rinsed  will  tend  to  develop  injur\-  in  stdrai^e.  hecause  of  tlu- 
action  of  the  acid  on  the  lead  arsenatt^  remaiin'ni,^  on  the  surface  of  tlu' 
aj)])les;  this  sets  free  soluhle  arsenic  and  results  in  arsenical  iniurv.  j.ar- 
ticularly  around  the  calyx  end  of  the  fruit.  The  amount  of  rinse'  water 
used  should  he  as  lar<j;e  as  is  '-conomical  ;  at  least  2  to  ?>  ;,^allon<  of  fresh 
water  should  he  used  for  each  hushcl  of  a])])les  washed.  "  ,\  satisfactory 
'lualitative  test  for  thoroui^hness  in  rinsiui;  is  to  touch  the  tip  of  the 
ton,i,nie  to  the  calyx  openiui,^  of  tlie  fruit  as  it  comes  from  the  washer.  If 
rinsin^r  \^  not  complete  the  sour  taste  of  the  acid  is  noticeahle. 

Factors  Influencing  the  Effectiveness  of  Residue  Removal 

Spray  Apphcadotis. — The  common  sprav  treatments  in  1  *enns\]vaiii:i 
ai)pear  to  oIUt  no  i;reat  difticultv  to  the  removal  of  the  residue,  if  late  ap- 
plications in  excess  of  the  s])rayin<4^  recommendations  are  axoided,  Le;i'l 
arsenaiedime  sulphur  alone,  or  u^ed  with  casein  or  skim  milk  spreaders, 
lett  a  residue  which  was  not  (linuaili  to  remove  if  ))resent  in  aiiKnints  les- 
than  a])proximatelv  twice-  the  tolerance  (O.OjO  ^rain  of  le-ad  pe-r  p.'Miul: 
0.020  <,M-ain  of  arsenic  per  i)ouiid).  .Spravs  containin;^  lish  oil  left  a  rcM- 
due  more  dilTicnlt  to  re'mo\-e.  Si)ra\s  cemtainini;  le-id  arsenate-  and  iniiural 
nil   have  not    hee-n   used  enouidi   in    renns\l\-ania   to   ma.ke-   anv   concli!s!(Oi 
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pe)Ssil)le,  although  experiments  in  either  states  haxc  inelicated  that  tlu' 
residues  i)re)eluced  hy  such  sprays  are  e-xtremely  ditficult  te)  re-moxc- ;  hence 
oil  sprays  should  he  a\e)ideel  so  far  as  possihle. 

/'e/r/V/y.  i  he  \arietie.s  of  a])ple's  useel  in  this  in\-esti,i.jation  showed  con- 
siclerahle  elitterence  in  ease  of  washiiiL^.  .Staxinan  anel  Sme.ke'house  cle-aned 
niost  readily,  folleiwed  hv  (Irimes.  i\ome,  jejiiathan,  ^'eirk.  .Stark,  ^'ellow 
Newtown,  anel  iluhhardstein.  The  eirder  e)f  these-  \arieties  is  tentative, 
Sdiiie  ot  tlu-m  heiii^'  re-])re-se-nte-el  1)\-  too  lew  -sample's  to  pe-rmit  a  ele-fmite 
state-inent .  1  luhharelstoii  was  pait  leailarK  elifhcult  to  elean.  .\n\  \arie-iy 
el'  ajiples  in'(\-  he-  ''leaned  much  ni(>re  re,a(hl\-  ']n"(ct!\  ;ilter  iiiekni!.^  than 
later.  Mie  pr^  iilnet  n  m  (il  \\  a  \  in;  tlo'  smiaee  (i|  the  tp]>le,  whu'li  (naan's 
wlieii  Ii'nit  Is  held  111  •-tMraL;e'.  niak(  -  the  rennival  m!  ^pra\  resalne^  iiuire' 
(lirtie-iill. 

/'/'.(/     ell     /\ii'/>llli/     ()  !l,Ill!  I,s.         WadrillL,'     Willi     dllnte     -nlllllnli-    iii     ll\(lrM- 

e'liioru"  acKJ  al  conc-nt  rations  oi  J  per  i-eiit  or  'es->  appa!"e-ntl\  did  not  im- 
pair the'  ke-epiiiL'  <pialitie-s  oi  marketahle  ai)])le-s,  wlie-n  ])rope'rl\-  rinsed. 
Packing  the-  ai)i)les  whe-n  wet  diel  not  affect  the-ir  keeping-  fjualities  in 
si()ra,i;e.  (.  nil  ap])le-s.  howe\e-r.  in  which  the-re'  we-re  a  numher  of  cut  anei 
hnnSe-el  tnnts.  diel  not  ke'e-p  we-11  atte-r  washinL^  a])i)arentl\'  hecause-  (if 
the-  entrance-  of  the  aciel  into  the'  fle-sh  of  the  fruit.  The-  solution  a])par- 
cntly  was  xt-ry  elifticult  te)  renioxe  hy  rinsing  a.nel  exerteel  a  harmful  e-lTect 
later. 

SMALL  HOME-MADE  FLOTATION  WASHER 

A.  W.  CTvDK 

Fi^.  2  show's  a  small  washer  in  which  the-  time  in  the-  aciel  tank  is  coii- 
trolk-el  hy  the  spc-eel  eif  the  machine-  rathe-r  than  1)\-  the-  rate-  of  fe-e-elinL:  a-> 
in  some-  honu'-maele  washe-rs.  It  has  a  e\apacit\'  'if  ahout  ^)()  huslu'ls  jx-r 
liMiir  whe-n  at)ple--^  are  kv\){  one-  niinnte  in  the-  :ie-iel  lank.  .\]>])les  are'  ivd 
in  at  the-  rii^ht  eiul  anel  are*  carrieel  aloni;  hy  the-  coiue-xor  until  the-\-  reach 
the-  first  paelelle  ele-\ator.  The-\-  are-  the-n  lifte'el  out  of  tlie-  aciel  anel  elro])peel 
into  tlu-  rinse-  tank.  .\s  the-  se-conel  paelelle-  eIe-\ator  lifts  them  e)Ut  oi  the 
water,  the'y  are  spraye'el  with  fre-sh  wate-r.  at  le-asl  twd  v;dl"ii^  <>f  water 
per  hushcl  heini,'^  aehisahk-. 

It  L;reate-r  capacitx'  is  desire-d.  it  will  he-  more  e-coiiomical.  within  re-a- 
sonahk'  limits,  to  incre-a:si-  tlu-  wielth  rather  than  the  le-n,L'th.  It  is  re-com- 
mende-el  that  two  chains  he  pr<i\ieled  for  the  aciel  tank  conveye)r  if  the 
wielth  is  more-  than  20  inches. 

Pumher  ouv  anel  einedialf  iiu-lu-s  thick  is  aeU'epiate-  for  the  tank.  TonL;u''(l 
and  L,^roe)\e-el  stock  is  jire-fe-rreel.  Plain  eelij^e-el  lumhe'r  ean  he  maele  wate-r- 
tii^ht.  lu)we-\(r.  hy  care-ful  fitting  of  the'  e-el«.;e's  aiul  h\-  usiuL;'  an  asphalt 
r<ie»hnL,r  ce-me-nt  or  puttw  Tlu-  aciel  solution  will  e-orroele  iron  or  ste-el  ; 
hence'  it  is  j^doel  practice-  to  counte-rsink  holts,  se-re-ws.  anel  nails  anel  co\e-r 
tlie-m  with  as])halt  i)Utt\-.  .\sphah  p.'iint  shoiilel  he-  use-el  for  the  e-ntire- 
tank,  as  orelinar\-  p.aints  will  not  stand  the-  ae'id. 

'1  o  pre-\e-nt  apple-s  he-ini;'  cauL^ht  hetween  the-  i)aeldle'  ele-wateirs  and  the- 
iiicliiu-s.  it  is  important  that  the-  tanks  he-  fille'd  to  within  ahout  one-  inch 
'•t  the-  toi>  wlu'ii  ope-ratini;.     This  ])uts  the-  jiaelelles  ahout   thre'c  inclu-s  eleep 
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in  the  li(|ui(l  at  their  lowest  jjositioii.  'V\\v  cloth  rctarder  in  the  rinse  tank- 
prevents  hrnisinj^  of  a])])les  as  they  drop  into  the  tank.  it  is  made  of 
towelin.i:  <»r  otlu-r  hea\\-  cloth  and  sh.onld  he  adjnsted  to  let  the  apples 
dide  j^cntl)-  into  the  tank. 

The   tresh  water  spra\'  may  he  made  hy  drillini,^  holes   in   a  ])ipe,   hnt   a 
few  s])ray  noz/les  will  he  more  elTectix'e. 


w 


The    most    i)ractical    method     for    i^ittin^    the    re(jnired    speed    mn^t     he 
orked  ont    tor  each   in>tal]alion.      As  noted  on  the  drawinL-.  the  connt 
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Methodik     der     Vitaminforschung.        (Methodology     of 
Vitamin  Research.)     By  Dr.  Phil  Chkistian  Bomskov, 
Clinnist    at    the-    University    Children's   CHnie   of   Kiel 
(HorK     'rhutiic     Verlag,     Rossplatz    12,     Leipzig    C     1, 
(Viriiiaiiy,   I'J.S".      wi   -f  ;{()1  pp      «)12  i\y^s.      17   X  2')  em 
i'nct.  M    LM;    iHnitKl,  M    'JC. 

I  111      \('itiiin,    uhiili    ',  ()iit:tni,   .111    lilt  |ii(lurtii>ii    l)v    I',,, 
tess<ii    I      RoniiiiK'!:  i-  di  v*  .1  ( d  hIiih  ,-,|  tuinrlx    to  tnt-t  hod  . 
of    vMaiiiiii    ;iNs;,v    aiid    I.,    piacliraj    ,uid    t  licoi  ct  iral    (]Ut^ 
ti>'ii~   wiiuli   Itcii    1)11    ilii^   inipoiiaui    j»lia-^^(    ol    vilauiin   i  <- 
■^'    '"'i         1  ''*    ti'  '^i    --•"»  p.'K'       iK*-nt  lal  J)ai  I  ■  alc  d*  \u!c(i  lo  a 
''!-'■"  -"'ii  "!   Ill'    iypt-  m|  aiiniiaK  um(1  m  vilaiiiin  assays 
with  a  discussion  of  I  hi-  rare  and  managermnt  ol  various 
lypes  of  animals  used  in  vitamin  research.     He  also  dis 
Misses  caKe  e(}uipment,  various  types  of  rations  used  for 
'rnccuiug   sitK-is.  as  advocated    hy   representative   workers, 
puiitied  experimental  diets,  etc.,  accompanied  by  a  brief 
disc  ussion  of  the  i)rinciples  of  feeding  technique. 

.\  scc<jnd  portion  of  the  book,  consisting  of  132  pages,  is 
devoted   to  the   fat -soluble   vitamins,   which,   for  conven 
ieiice   of   discussion,   are   subdivided    into   three   main   di- 
visi<.n>,   namely,   \'itamins  A,    I)  and    Iv      I<:ach  of  these 
vitamins   is  discussed   from    the   siandpc^int    of  deficiency 
symptoms    (as    well    as    hypervitaminosisj,    response    of 
ditTereiit  types  of  animals  to  vitamin  therapy,  methods  of 
assay    (biological,    chemical    and    i)liysicalj,    feeding    and 
iiiaiiaKcment  technique,  provitamins  (such  as  carotene  and 
cigosierolj,    i.solation    and    purification    of    the   fat-.soluble 
vitamins,    evidence    for    their    chemical    constitution    and 
methods  of  e.\i)ressing  vitamin  potency  in  units,  including 
a  discussion  of  International  units  for  Vitamins  A  and  D. 
I  lu    third  portion  of  the  book,  consisting  of  131  pages, 
is   di  voted    to  a  detailed   discussion   of   the   water-soluble 
\'itamins    and    the    organization    of    subject    matter    and 
uictliod  of  treatment  are  fundamentally  the  same  as  that 
(!»-.<  I  ilx'd    for    the    fat-soluble    vitamins.      All    important 
iiieihods  and  techniques  for  the  assay  of  vitamins  H  (Bi), 
(  '  (H.).  Bi,  hi.  Bi  and  lit  are  treated  briefly   l)ut    no  im- 
portant details  seem  to  have  been  omitted.    The  chemistry 
ot   the  tlavines  and  their  possible  relationshij)  to  V^itamin 
('  (H.)  are  also  discussed      All  statements  and  conclusions 
.1^  well  as  all  methods,  (  xi)eriiiiental  diets,  etc.,  are  sup 
porttd   by  nfc-rciices  to  the  original  literature.      Vitamin 
C  tdtives  very  thorough  treatment  from  practically  every 
lUKlt'.    includiiiK    the    most    recent    methods    of    chemical 
assav   and    the  chemical   synthesis  of  a.scorbic   acid       All 
'  \penmental     data     and     tabular     material     taken     from 
.\iiiericaii   and    ICnglish  scientific  j«)urnals  are  reproduced 
111  I'liKlisli  with  cit.ttioiis  to  ilie  original  literature 


The  reviewer  feels  ihai  the  hook  is  unique  in  that  i)  is 
the  only  book  with  which  he  is  familiar  whieh  is  devoted 
fxchisively  to  this  subject.  "Melliodik  der  X'itamin- 
forsehung"  should  prove  a  valuabU  addition  to  the  refer- 
mee  shelf  of  every  laboratory  in  which  vitamin  researc-h 
is  stressed. 

R.   AUAMS   DUTCHl.K 
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rilOTOELEC^TKK^   APFAKATrs  FOR  MEAST^RIXCJ   LEAF 

AREAS' 

Don  a  l  d    K.    H.    F  k  k  a  k 
(  wi'i'ii  '!'iiiii:i;  !•  i<;i'in:s) 

Yiir  !iic(i  lo  ni'';iNii  re  ;i('ciir;il  i'!  y  the  .ire;!  nf  -i-\i'i';il  t  In  min.-i  ihI  appli' 
l,.;jv,.^  ill  cniitM'cl  ion  with  ;i  studx'  ^f  \\\i'  (!f])n>it  ni'  >i'fiiy  rt'^idiK'--  N'd  l'»  ;i 
v.,.;ir,-ii  ii!'  ♦•xi'-i  iii'^'  im-tlpHls  n\'  ifjil'  Jif'a  ii!<'ii-u  r'MiM'iit .      TIk'  --•■\-i'r;!l   iiK'llmds 

,|r^>    !-:iM'(i     ill     llic     llt'T.-it  iirc     r.'liit'tl     In    -.'lH-rv      liir     f.  m  |  1  1  i  fi '  t  i  I  < '  li  t '>  .     i  !  1  ;i -11 1  1  ie  i  I     ;|S 

,;cciir;icy  in  ;ir(';i  iiit';isiif('iiiriit  n  w  ;is  ;i  |»i»;if<'iit  ly  !<>  !ir  -cciifM!  <.iil\  li\  iin'lii- 
M(is  i(M>  lt'n<j;'t  li\'  to  !)('  <>r  use  in  tliis  sliidy. 

Existiiii:-  Jiiclliods  I'oi-  incnsui-in^'  leal'  areas  inchidc  tlic  following':  M) 
Measui'cmtMit  of  the  leaves  alon^'  their  axes,  Tiie  area  (>})Tain(Ml  l)y  niiNii|)iy- 
inu'  these  liouros  Ixdn'r  correetcd  l)y  a  Factor;  (2  i  plaiumctcr  uicasnrciiKMits ; 
';>  tracdn*:-  or  otlierwisc  transrcrrinu'  tlic  leaf  oiitliiic  to  paper  of  known 
wei^lit  jx'r  unit  oi'  area  and  later  detern!iiun<;'  the  area  of  the  traein^^s  })y 
their  wei<.dit;  (4)  lea{'-pnneh  nietliods,  in  wliich  (h'linite  areiis  of  the  leal' 
sui-t'ace  arc  removed  ])y  a  i)nn(di  or  die. 

The  first  ol'  these  methods  is  not  snfficiently  accurate,  since  variations  in 
]eat'  s!ia|)e  amon^^  individual  leaves  of  the  sanu'  species  is  suffici<'nt  to  intro- 
duce LH-oss  errors  into  the  calcidation.  The  second  ami  third  methods  ar<' 
extremely  t ime-consumin^^  (h'pend  lai'ii'ely  for  their  accuracy  (Ui  the  skill 
and  dexterity  of  the  j)ei-s()n  nsin^i"  them,  and  are  adapted  only  for  measur- 
:]\is  the  areas  of  small  numbers  of  leaves.  Cirides  or  other  <re()melrie  fi<rures 
cut  t'l'om  the  leal"  surface  with  a  puntdi  or  die  are  sid)ject  to  errors  arising' 
:'rom  the  obvious  fact  that  the  leaf  ])rescnts  neither  a  uniform  surface  nor 
hu  interior  structure  free  from  <rr<»ss  tissue  dill'erentiation. 

Tiie  use  of  tlu'  photoelectric  cell  in  a  variet\-  of  wavs  in  recent  years  led 

I  •  «  « 

t!ie  writer  to  consider  the  ])ossibility  of  sucdi  a  device  for  measurin;^:  leaf 
areas,  inasmuch  as  the  area  would  be  a  direct  function  of  the  amount  ot" 
iiLihi  intercepted  if  the  leaf  were  j)laced  in  the  j)atli  of  a  beam  of  liulit. 
^Vhile  a  device  was  beiti;^"  perfected,  a  shoi't  news  arti(de  api)eared  describ- 
ing:' a  similar  ai)paratus,  built  by  Wiriiiiow.  and  it  was  learned  that  a  paper 
■lescribin^'  a  siinilar  aj)j)aratus  had  been  ])res<'nted  al  the  lioston  meetintr  of 
'lie  American  Society  of  Plant  riiysiolotj-ists.  Detinite  inftu'mation  con- 
'•ernini:  the  construction  of  this  api)aratus  could  not  be  secured,  however, 
and  the  present  aj)paratus  has  l)een  developed  independently,  and  has  b(MMi 
Used  s;it  isj'acforily  for  the  ]>ast  season. 

'  I'ul'lica  t  idii    aii1Ii(iri/c(l    by    tlic    l)ii(ctnr    nt'    the    l'i'iiii-_vl\  a  nia    .\^rlrult  ural    lv\]ieri- 
II.'  M*  s;,i;,(ii).  as  'I'eclmical  Paper  no.  eiTT. 
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Apparatus 


A  rectangular  box  72  cm.  liig-h,  22  cm.  deep,  and  22  cm.  wide  was  con- 
structed from  plyboard,  with  a  tight  fitting  door  at  the  front.  The  interior 
of  the  box  Avas  painted  wliite  and  near  tlie  top  a  number  of  lioU^s  wei-e  bored 
for  ventilation.  A  perjiendicular  section  through  the  apparatus  is  sliowii 
in  fiLiMire  1.      A  Jiiovable  slielf  .1.  to  wliich  were  attaelicd   tiv(^  ()()-\v;iU  110- 


Fi(i.    1.    Section  throujijli  a])ii;irat  ii-. 

volt  inside  frcjsted  electric  lanij)s,  was  insei-ted  near  the  to])  oi'  the 
box.  These  lamps  may  be  connected  to  a  (.'onstant  wattage  transForiin'r  ^<» 
that  current  vai-iations  mav  be  redu(;ed  to  a  minimum.  On  tliis  shelf  wa> 
I)hiced  a  snudl  electric  fan  to  cireuhite  tin;  air.  Across  I  he  middh'  of  the 
box  was  placed  a  pane  of  frosted  glass,  of  sncli  size  that  it  exactly  fitted  the 
interior  of  the  box,  but  masked  so  that  only  a  circular  opening  ai)proxi- 
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mately  1>  cm.  in  diameter  was  available  to  transmit  light  (tig.  1  />).  A 
small  hole  was  drilled  in  the  exact  center  of  the  circle  of  fi'osted  glass  so 
circnmsci-il)ed.  and  a  hemis})lierical  baffle  />  was  suspended  by  a  glass  I'od 
(\  ai)pr(»ximately  15  cm.  below  the  fi-osted  glass  |)late.  A  sheet  of  heavy 
plate  glass  of  the  sa)iM'  size  as  the  frosted  glass  was  laid  on  top  of  the  latter. 
At  the  ]>oltom  of  the  l)ox.  about  4  cm.  a))ove  tlir  iriie  b(»ttom,  a  false  bot- 
joiii  /."  Wii--  built,  ill  tilt'  crnttM'  of  wlilcl!  a  hole  lari:''  fnoiiLi'li  to  acroimnot  lat<' 

ll|i'    j  )hi '!  !  "'i'M-!  ric   rrjl    was   clll.        Thl^    phi  il  1  K'lccl  rn-   rt'M.    a    Wc-^liMl    Aloiir]    .till, 

\\'a>  (■(  III  !!'■.■■ ''il  witli  a  inii'i'i  laiiniit'tt'i-  lia\inii'  a  cajtacity  of  200  iniiTn- 
aiiiiHT'"-. 

Thi'  piirpii-«f  111'  ilM'  ii'aii  i-^pht'i'ica  1  liaflji'  i-^  In  tlfth'i'i  all  li'_;'l!l  ray-^  p,t~^■-- 
inii'  tiirniiL;li  the  I'l'osted  glass  which  would  otlxTwlse  fall  (lirectl\"  upon  th*' 
surface  (if  the  j)holi-onic  cell.  This  makes  it  possible  for  the  cell  to  nu'asure 
ti>(i  fiti't  ii<r(l  li"'h^  111  ^!ie  !o\','ei'  chaiiiljei'  I'ath''!'  than  t''  "'!\'''  ei'i'at!'*  !'*'.'i'[!!"''^ 
because  of  diffei-eiices  in  the  location  of  shaded  areas.  Such  (liffei'ences 
would  exist  if  the  object  causing  the  shading  (in  this  case  the  leaves)  were 
located  in  different  places  on  the  ground  glass. 

The  intensity  of  the  illumimition  in  the  low<'r  chamber  may  ])e  I'egulated 
])y  I'ai^inir  oi'  lowering  the  bank  of  lamps  at  the  top  of  tli<'  box. 

Standardization 

In  standardizing  the  insti'ument,  the  light  ])ulbs  are  connected  to  a  110- 
volt  current  soui-ce  and  adjusted  so  that  the  reading  of  the  mici-oammetei" 
connected  with  the  photronic  cell  is  nearly  the  maximum  of  the  instrument. 
This  orioiiiiij  i-cadinii'  is  recoi-ded.  A  section  of  definite  area  cut  from  a 
leal"  similar  to  those  to  be  measured  is  then  {)laced  dorsal  side  U])j)ermost, 
Uj)on  the  ;ji-ound  iilass  j)late,  ami  held  in  a  Hat  p(»sition  by  the  sheet  of  plate 
glass.  The  ivadiiiL!'  of  the  mici'oannneter  is  again  taken  and  the  process 
repeate*].  addiuii'  a  section  of  leaf  of  known  area  each  time  until  the  ground 
glass  j>late  i>  covered  to  its  caj)acity.  A  curve  is  then  pi'epai'ed,  j)lotting 
the  j)ercentage  of  liLi'ht  cut  off  against  leaf  area.  'I'he  percentage  of  light 
cut  off  is  calculated  b\-  subtract iuLi'  the  microammeter  reading  takiMi  for  anv 
given  leaf  area  fi'om  the  (U'iginal  reading,  and  dividing  this  by  the  oi'iginal 
i"ca(lin<j. 

\'ariat  imi^  in  the  electric  cui'rent  cause  lluctuations  in  the  i-eadiiu:'  of 
the  microammeter.  l»ut  it  has  })een  found  that  over  tlu'  relativeU'  shoi't  time 
necessary  to  make  the  standai'dization  oi*  to  take  the  readings  on  a  series 
of  whole  leaves,  as  will  be  descrilx'd  latei",  these  tluctuations  ari'  not  lai'o'e 
ciioii'jh  to  cauNC  serious  erroi".  'I'lie  use  of  the  constant  wattaii'e  transformer 
mentioned  reduces  these  fluctuations  gr<'afly.  It  is  wise  to  rej)eaf  the 
standai'dizat  ion  several  times,  ]iow<'vei-,  so  that  each  point  on  the  curve  rep- 
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resents   the   mean   of   several    reading's   on    tlie   miei-oanuneter 
standardization  enrve  is  shown  in  fi<i-nre  2. 


A    typical 


ARfA-Cn^  100 


zoo 


500 


400 


I'k..    -.     St;iii(l;i  idi/.at  "nm  ciirxc. 


Measurement  of  leaf  areas 

IIavin<:'  constructed  a  curve  tor  the  type  o}'  h-avc^  to  l).-  iie'aNurcd.  tlie 
actual  measurenieiit  of  the  leaf  ai'ea  is  carried  out  in  a  inauucr  sjuiilar  to 
the  standardization.  The  ori<:inal  i-eadin^'  of  the  niici'oainne't.'r  i>  taken 
without  any  material  (-n  the  <_;round  ^lass  ))late  to  intei-ferc  with  the  pas^a;i•e 
of  the  li^'ht.  The  leaves  to  he  nu'asured  ai'e  then  placed  on  the  tiround 
<rlass,  one  at  a  time.  or.  if  the  total  area  of  a  nund)e!-  of  h'a\e>  is  desired, 
several  h'aves  at  a  time,  and  the  second  readin;i  of  the  instrument  taken. 
It  has  heen  found  that  with  an  a|)pai"atus  of  the  dimension^  !ji\en.  four  or 
five  mature  aj)|)le  leaves  may  l)e  placed  u|)on  the  izround  lihiss  ;it  <ine  time, 
and  tlie  ai'ca  of  100  lea\'es  nieasui'ed  in  less  than  1  o  minutes.  To  iiiuird 
a^^ainst  wide  lluctuations  in  current,  it  is  wise  to  take  oi-i'jin;il  i-eadinns  after 
«'ach  five  sets  of  leaf  ai'ea  readings. 

Tlu^  ])ei-centa^'e  of  liii-ht  cut  otV  hy  each  leaf  oi*  n'l'oup  ><\'  |e;i\-es  is  then 
calcidat<'d.  and  l)y  referem-e  to  the  stamlard  cui-ve.  the  area  is  determined. 
An  example  of  the  calculation  is  as  follows: 

( )i'io-iji;il   readin^i'        1  ^^^   mici'oamjteres 

l\<'a(iin^-  with  4  leaves  10:{   mici'oampei- 

iss 


"t  'S 


44.0'f    of  the  oi-i-i'lnal   liiiht   cut   oil'. 
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Keferrin«jr  to  tlie  eurve  g-iven  in  figure  2,  this  indicates  an  area  of  2:}H  s(piare 
centimeters. 

Discussion 

in  building  this  api)ar'atus  an  attemj)t  has  Ix'cn  made  to  avoid  any  iin- 
svmmetrical  (M»nst  met  ion  which  might  cause  shadows,  or  tend  to  give  a 
(litfer'ent    iiu'lit    intensity   on    the   photronic   cell    owirn:'   to   a    variation    of   the 

jiositiou  of  the  Iral'  or  leaves  to  1)1'  measured   wlit'ii    |ilai-''d    up^m    'he  Lii'^imd 
Liiass.      With  the  inst  laimeii  t    here  i  jescrihed.   ii    makes  no  a  (ipreciahiie  ditfei-- 

(■nee   whether   the   leaf    is    Ml    the   eeillef   of    the   cirelllai'   o'penniL:    "11    tln'   iZ'l'olind 

_:  lass  of  tar  1  o  one  sale. 

The  metlio(!  of  standa  rd  I/at  ion  of  the  instrument  ma\  introduce  serious 
errors  in  the  determination  of  leaf  ai"eas  hv  anv  |)liotoelectric  method. 
Leaf  tissue,  except  perha|)s  in  i-ar<'  cases,  is  ap|)recial>l\'  translucent.  !n 
addition,  the  reflection  of  light  from  the  surface  of  a  leaf  is  charactei'ist  i- 
cally  difVer-ent  from  the  rellection  fr(»m  many  othc!"  iiuiterials.  In  fact,  the 
retlection  of  light  from  the  up|)ei-  surface  of  a  leaf  is  usually  dill'erent  from 
the  reflection  from  the  lower  siii'face.  This  is  part  iculai'ly  ti"ue  if  the  lower 
siirfac<'  is  pubescent,  l^'or  these  i-easons.  then,  the  standai'dizat  ion  of  the 
instrument  against  known  areas  of  oj)a(pie  matei'ial.  or  against  material  of 
different  cohu"  (U'  rellectivity  from  that  of  the  leaf  surface,  may  lead  to  in- 
accurate results.  l^'i'jiire  -')  shows  t\  i)ical  curxes  obtained  b\-  standardizing 
the    instrument    with    known    areas   ot'    black    paj)er    '.1';    white    cardboard 
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(7^);  and  two  types  of  It'af  tissu<\  one  tliick  and  i)ra('t ically  opacpic   (B) 
and  the  other  rehitively  tliin  and  transhieent   (('). 

The  use  of  alternatin<»:  enri'ent  to  pi'ovide  illumination  admittedly  in- 
creases the  error  of  measurement.  It  is  possible,  however,  throu^ii  the  use 
of  a  transformer  to  k(M'p  this  at  a  minimum,  and  fi-e(pient  eheekinj^-  of  the 
current  tlirou<j;'h  mici'oammeter  i-eadin^'s  ]ielj)s  reduce  this  error. 

Tills  apparatu'^  has  hct'ii  U'>('d  s;il  i^raclnrily  In  uici^ii  re  tlic  area  n\'  moi'c 
tliaii  in. Odd  ;ipj)it'  lt';i\cs  (hiriiiL:'  IIm'  pa-^l  -^f;!-.,  .ii,  willi  ;n!  frror  i<\'  appriixi- 
maleh'  •'■)  p<-r  cfuf.,  ;is  dcp'riiiiiii'd  liy  rcpl  icnl  r  ;ii'i'a  iiir;isii  ri'iin'u !  s  i>\\  \\ir 
same  leaves. 

Summary 

An  ap})aratus  is  desci'ihed  for  the  measurement  of  leaf  ai"eas  by  means 
of  the  pliotoelectric  cell.  The  chief  advanta^'cs  of  the  method  are  its  rajjid- 
itv  and  sim|)iicitv.  wirii  a  iii<iti  de<;i-ee  m"  accui'acw  Tiie  metiiods  of  siand- 
ardization  and  calculation  ai"<'  •iiven  in  detail.  Tlu'  ap|)aratus  has  Ixmmi 
used  to  detei-iiiine  the  area  of  more  than  10. ()()()  apph»  leaves,  with  an  ermr 
of  approximately  3  })er  cent. 

])kp.\kt.mf,xt  of  agkicrltlh.m;  and  p>i()!.()(a(  al  ('u  km  is'ik  v 
Pf.xnsylvania  State  Coia.f.ck 
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STUDY  OF  THE  REMOVAL  OF  SPRAY  RESIDUES  FROM 
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H.  N.  WouTULEY,  associate  professor  of  economic  entomology,  Pennsylvania 
Agricultural  Experiment  Station  - 


I 


CO 


of 

HJi- 


INTRODUCTION 

Tho  prohlom  of  th<'  nMnoval  of  spniy  n^sidiios  from  a|)ples  is 

inparativ(*ly  n^Trit  oriiria  in  Pdinsylvanin,  \vli('r<»  clinuitic  cor... 
tions  and  a  I'rlat iv<'! y  liirlit  infestation  of  tlu*  codlinix  moth  until  1*.)29 
(oinhincd  to  ixM-niit  the  piodiictioFi  of  clean  fciiit  with  W^w  s})r'av 
applications.  Since  that  tini<',  ho\v<'\<M-,  the  codhnu:  moth  popula- 
tion^ in  the  commercial  a  pple-Lrrowin'j"  cent<'rs  have  increased  to 
siidi  ;i!i  <'\tent  that  hea\iefand  mofe  fre(|  iicnt  a  p|)lic;i  t  ion-^  of  arsenic- 
al jire  now  n<'cessarv.  A  scluviide  callinij:  for  live  cover  s|)i'a\'s  in 
1932  caused  some  crops  to  show  residues  of  arsenic  in  e.\c(^ss  of  the 
tolerance.  In  193)^  restrictions  wow  j)lacod  on  lead,  re<rardin<j^  the 
removal  of  which  little  was  known  Dnrinc^  the  MKi.'H  somsoti  titere- 
fore,  spraymtj:  was  reduced  to  a  niininium,  with  the  result  that 
excessive  residues  were  avoided  at  tln^  cost  of  an  alarniinj^  increase 
in  codlinjT^  moth  dania|c<'.  It  became  clearly  evident  that  intensive 
sprayin<^  would  he  necessary  in  1<).34,  and  that  the  a])ple  crop  would 
doubtless  require  washin<j:  to  meet  residue  tolerances. 

While  the  fundamental  facts  concerning;  the  removal  of  spray 
residues  from  apples  are  rather  well  understood,  the  fact  that  condi- 
tions peculiar  to  a  locality  do  e.xist  nnd<es  generalization  impossible. 
In  addition,  the  recent  developments  in  methods  for  the  accurate 
delerniination  of  snndl  amounts  of  lead  make  possible  a  more  th()rouf2:h 
understanding  of  the  l)ehavi()r  of  this  element  under  washin<j:  condi- 
tions. 

Durinfj:  the  season  of  1934  a  proj^ram  of  research  in  methods  of 
apple  washing  was  instituted,  the  results  of  which  ai'e  reported  in 
this  |)aper. 

The  work  was  phmned  to  give  infornnition  on  the  method  best 
suited  for  the  removal  of  spray  residues  from  apples  grown  under 
Ponnsylvaiiia  conditions.  A  nund)er  of  factors  of  clinuite  and  locality 
are  ohviouslv  variable  in  anv  sludv  of  this  kind.  1'he  extended 
investigations  on  spray-n^sidue  removal  conducted  at  other  institu- 
tions, therefon*,  are  valuable  only  insofar  as  th<\v  can  b(»  a|){)lied  to 
local  conditions;  henc(^  some  of  these  studies  repeat,  for  Pennsylvania, 
work  which  has  been  done  elsewhenv  It  will  be  noted  lah^r  that 
("ortain  concdusions  and  reconmiendations  based  on  investigations  in 
other  localities  do  not  apply  here. 

'  Kweiveil  for  imhlicutioii  Mar.  1'.),  \'Xi',:  issii»'<l  Aiii^ust  I'.CJ.'i.     'rcchnir'al  paper  no.  CM'. 

'The  authors  pxpr«'s.s  their  ap[)recia;ioii  to  .Merrill  Wood  for  technical  a.s.sistaiice  ari<l  to  F.  N  Facan  and 
•^  W.  Clyile  for  the  use  of  the  facilities  of  the  Department^  of  Uorticuiture  and  .^f;ricultural  Kn^ineerinR 
'a  this  work.  The  authors  also  are  indebted  to  S.  W.  Frost  for  the  use  of  laboratory  space,  and  to  the  fruit 
growers  who  contributed  api)le.s  for  experiniental  purposes. 
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EXPERIMENTAL  CONDITIONS  AND  PROCEDURE 

Part  of  the  work  was  done  in  a  laboratory  set  up  in  the  hirgest 
commercial  aiiplo-f^^rovvini^  section  of  Pennsylvania,  in  the  south- 
central  part  of  the  State.  The  samples,  for  the  most  part,  were  col- 
lected with  the  cooperation  of  the  growers  of  that  section,  but  some 
were  collected  from  the  college  orchard  from  experimentally  sprayed 
trees;  the  work  on  these  sami)les  was  conducted  in  the  laboratories  at 
State  Colleire,  Pa.     Over  500  samples  were  expeiitnentally  washed. 

The  varieties  of  apples  were  as  follows:  York  Imperial,  Stayman 
Winesap,  Grimes  Golden,  Jonathan,  Rome  J^eauty,  Smokehouse, 
Delicious,  Ben  Davis,  Stark,  Ilubbanlston,  and  YcHow  Xewtown. 
T\\o  latter  five  varieties  wvvo  [-("presented  by  only  a  few  sani[)l<s. 

The  mean  temperature  for  tlie  soutli-('(Uitral  section  ol'  the  State 
was  sli<.chtly  a})0ve  normal  durinij:  the  season  of  19;M  exe<'pt  (hirinf; 
Au<^ust.  The  rainfall  rcM'ords  taken  at  Arendtsville  indicated  a  total 
precipitation  for  the  summer  month>  as  follow^:  -lune,  ♦).()l  inches; 
July,  2.51  inches;  Au«rust,  5. '.Mi  inches;  September,  14.09  inches. 
On  each  of  G  days  durin<^  Septeml)er,  1  inch  or  more  of  rain  fell; 
the  rainfall  totaled  7.29  inches  on  4  consecutive  days,  September  U 
to  17,  reaching]:  nearly  cloudburst  proportions  with  3.48  inches  on 
September  17.  The  figures  indicate  nearly  normal  ramfall  during 
June  and  July,  when  most  of  the  codling-moth  spraying  was  done, 
and  a  large  excess  in  August  and  September,  most  of  this  coming  in 
heavy  showers  during  the  latter  month.  Thus  in  1934  spray  applica- 
tions were  subjected  to  an  average  amount  of  weathering  during  the 
spraying  period  and  to  a  great  excess  of  rainfall  between  the  time 
of  the  last  appUcation  and  the  date  of  harvest,  especially  for  the  late 
varieties.  It  is  questionable  that  heavy  concentrated  downpours 
of  rain  are  as  effective  in  removing  spray  residues  as  are  more  gentle 
rains  scattered  throughout  the  growth  period  of  the  fruit.  Samples 
analyzed  both  before  and  after  the  heavy  September  rains  showed 
surprisingly  little  reduction  in  spray  residues  from  this  cause.  It 
would  appear  probable,  therefore,  that  the  distribution  of  rainfall 
rather  than  the  total  ((uantity  has  the  greater  effect  on  residue  levels 
at  the  time  of  harvest. 

Samples  were  taken  by  tiie  authors,  usually  from  the  lower  limbs 
of  trees  in  the  orchards.  A  sufhcient  number  of  trees  were  sampled 
to  give  a  rei)resentativ(^  lot  of  apples  of  as  nearly  the  minimum 
packed  size  as  could  be  determined  at  the  time  of  picking.  An 
attempt  was  made  to  select  apj)les  of  a  fairly  uniform  size.  It  is 
well  known  that  the  smaller  apples  from  the  lower  limbs  of  the  trees 
usually  carry  the  greatest  amount  of  spray  residue.  When  necessary, 
apples  were  taken  from  picking  crates,  but  the  same  care  was  exercised 
in  selecting  for  size  and  uniformity.  Most  samples  were  washed 
within  10  days  after  picking. 

In  the  analysis  of  apple  samples  for  lead,  the  method  of  Frear  and 
Haley  (3)  ^  was  used,  while  arsenic  was  determined  by  the  Gutzeit 
method,  as  desciibed  in  the  ofiicial  methods  U ,  pj).  S()(!-.i()9).  Both 
of  these  methods  have  been  found  satisfactory,  although  the  accuracy 
of  the  lead  determination  is  apparently  greater  than  that  of  the 
arsenic  estimation.  The  figures  for  the  latter  element  are  the  mean  of 
at  least  two  determinations.     The  relative  accuracy  of  the  lead  and 

3  Keference  is  made  by  number  (italic)  to  Literature  Cited,  p.  73, 


arsenic  methods,  as  well  as  the  accuracy  of  sampling  of  apples,  will 
be  discussed  elsewhere. 

The  apple  washers  used  were  of  two  types:  One  was  a  flotation 
type,  similar  to  the  washer  designed  by  eJennings,'*  but  with  structural 
modifications.  These  modifications  did  not  affect  the  operation  of  the 
machine,  the  principle  of  operation  of  which  was  similar  to  several 
other  types  of  flotation  washers  (^,  4)-  'I'he  other  washer  was  a  com- 
mercial underbrush  type  of  the  latest  model,  in  which  the  washing 
solution  is  violently  agitated  and  thrown  over  the  apples  as  they 
advance  over  roller  brushes.  This  machine  was  fitted  with  a  roller 
drier,  while  the  flotation  macliine  was  not  ef[uii)ped  with  a  drying 
apparatus. 

EFFECT  OF   VARIOUS    FACTOIIS   ON    FFFICIFNOV   OF    KKSIDIK 

KFMOVAL 

The  experim(>nt  al  work  was  di  videil  into  a,  -^t  ndy  of  the  eli'ects  of  t  he 
following  factors  on  the  eliiciency  of  a|)ple  washing:  Ty{)e  of  washc'r, 
type  of  washing  solution,  wetting  agents,  tlu;  use  of  heated  solutions, 
spraying  materials  used,  time  of  application,  and  variety  of  fruit. 

EFFECT  OF  TYPE  OF  WASHER 

In  this  study  only  two  types  of  washer  were  available  for  most 
of  the  comparisons,  the  flotation  and  the  underbrush  type. 

Table  1  gives  the  data  secured  by  washing  two  varieties  of  apples 
sprayed  with  three  different  spray  mixtures  in  flotation  and  brush 
I  machines.  While  individual  samples  showed  considerable  variation, 
!  a  statistical  analysis  of  the  figures  presented  showed  the  underbrush 
washer  to  be  significantly  more  efru'ient  than  the  flotation  washer  in 
removing  lead;  the  underbrush  machine  also  was  more  efficient  in  the 
removal  of  arsenic,  but  the  difference  was  not  so  pronounced. 

The  six  samples  identified  in  this  and  subsecpient  tables  as  1,  2, 
and  3,  are  of  both  the  York  Im])erial  and  Stayman  Winesap  varieties. 
They  were  secured  in  the  college  orchard  and  wer(^  treated  as  follows: 
Sani])le  1  received  0  cover  s])rays  of  3  ])ounds  of  lead  arsenate  ])lus  8 
quarts  of  lime-sul])hur  solution  in  each  100  gallons;  sam])l(i  2  received 
6  cover  s])rays  of  the  sanu^  material,  to  which  was  added  2  pounds  of 
skim-milk  ])owder  ])er  100  gallons;  sam])le  3  received  0  cover  sprays 
each  containing  3  pounds  of  lead  arsenate,  5  ])oun(ls  of  flotation 
sulphur  and  1  quart  of  fish  oil  (col(l-])ressed  menhaden,  with  less  than 
2  percent  free  fatty  acids)  in  each  100  gallons  of  s])ray. 

The  underbrush  washer  was  also  more  effective  than  the  flotation 
washer  when  the  hydrochloric  acid  solution  was  used  with  a  wetting 
agent,  as  shown  in  table  2.  In  these  studies  the  ])eriod  of  exposure 
to  the  acid  was  1  minute  in  the  dotation  washer,  and  40  seconds  in 
the  underbrush  nmchine. 

EFFECT  OF  DIFFERENT  WASHINC,  SOLUTION'S 

Several  washing  solutions  were  tested  for  their  efficiency  in  remov- 
ing arsenic  and  lead  residues  from  a])j)les. 

*  Je.nnings,  B.  a.    tiik(()KNEli,  api'I  e  wa.sher.     Cornell  Mimeograph  IhiU.  279, 14  pp.    1934, 
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Table  1. — Comparative  efficiency  of  lead  and  arsenic  f^praij  reHdue  removal  from 
York  Imperial  and  Stayman  Winesap  applei^  by  jneans  of  flotation  and  under- 
brush ivashers,  various  percentages  of  hydrochloric  acid  being  used 


YORK  IMPKRI.\L,  LE.\D 


Percent- 
ape  of 
hydro- 
chloric 
acid  in 
wash 

Tempera- 
tiirt' 

(°  F.) 

Grain  of  lead  or  arsenic  per  pound  of  fruit  in  - 
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.  021 
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1)  iw;o 

020 
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2 
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2 
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60 
60 
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.017 

.014 

.014 
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.019 

s  r  .\  \'  .M  A  \  W"  1  .\  E  S  .V  I ' ,   I ,  !•:  .\  1 ) 
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washing; 
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0  019 
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0  075 
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1 
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.012 

.  022 

.OIH 

2 
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.010 
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.OlS 

1 
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.012 

2 
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.012 
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.016 

.010 

.014 
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.016 
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,01S 
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YORK  IMPFRIAI.,  ARSKMC  TRIOXIDK 


Before 

washing 
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0.  022 
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STAY.MAX  WI.MKSAP.  ARSENIC  TRIOXIDE 
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washing 
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SODH'M    SlI.KWTK 

Since  sodium  silicate  has  ])ccu  used  with  considerable  success  in  the 
apple-^rowin^j:  sections  of  \\w  I^icific  coast,  an  attempt  was  made  to 
determine  its  practicability  under  local  conditions,  it  was  found  that 
a  cold  solution  of  sodium  sihcate  did  not  remove  any  appreciable 
amount  of  residue  when  used  at  a  concentration  of  SO  pounds  ])er  100 
gallons,  and  even  when  heated  to  100°  K.  was  not  so  effective  as  hy- 
drochloric acid.  It  may  be  mentioned  at  tiiis  point  that  few  Pennsyl- 
vania growers  have  found  it  necessary  to  use  oil  sprays  to  any  extent, 
and  the  beneficial  efFect  of  an  alkaline  wash  is  observed  most  readily 
when  heavy  oil  applications  have  been  made  to  the  fruit. 


Tablk  2.  —  I'^ffect  of  wetting  agents  on  the  efficiency  of  lead  and  arsenic  spray- 
residue  removal  from  York  I mperial  and  Stayman  Winesap  apples  by  means  of 
flotation  and  brush  washers,  a  ^-percent  hydrochloric  acid  wash  solution  being  used 


FLOTATIO.N   WASHER,   1   MIN'L'TE 
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Eoad 

,\rsenic  (rioxido 
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perceiil 
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.(ii'.i 
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1 
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.020  ;            .OUi 
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.022  !             ""■ 
.020                ii<i'' 

1 K 1  ; 
()(lj 
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.017 

.  (K*;, 

.004 

_      

1 

INDKKBKI  SH    WASUKk.  40  SECO.N'DS 


0.  (K)7 

0.  015 

0.  tu\ 

0. (Kll 

.Ol.i 

.015 

.  (K)2 

.  (K)2 

.  (K)9 

,  022 

.(K(H 

.  (K):< 

,  OlS 

,  022 

.  00.1 
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.  (K).S 

,  020 

.  (K)5 

.    (Kl2 

.012 

.017 

.  (K)5 
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York  Imperial  1 
.<tayrnaii  Winesap  1 . 
York  Imperial  2.   , . 
.■^tayniaii  Winesap  2. 
York  Imperial  H 
Stayman  Wiiiesai)  H, 


i  A  coiiunercia!  defoaining  agent  was  added  to  the  solutions  containing  the  wetting  auents  in  both  ty[)e5 
ofwiishers.  .\s  given  hi  this  and  suhsequent  tahles,  wetting  agent  A  wa.s  Areska[i,  1  gallon  per  UK)  gallons, 
an'l  wetting  agent  B  was  Vatsol,  s  i)ound'<  per  \(H}  galhms,  plus  2  fpiarts  of  Degras  (AiUifoam  no.  16). 

Sooir.M   Cakmo.nate   and  Soai' 

A  commercial  preparation  composed  of  sodium  carbonate  and  a 
coconut-oil  soaj)  was  tried  in  various  concentrations,  but  was  not 
considered  ellVctive  enoujxh  to  warrant  extended  investi«.cation. 

HvDuocuLOUic  Acn> 

Since  dilute  solutions  of  hydrochloric  acid  are  the  most  widely  used 
washintr  li(|uids,  a  lar^<*  number  of  washin<z:s  were  made  \vith  this 
material,  it  was  found  that  amoni:  the  solutions  tested  it  was  the 
most  eU'ective  in  re(lucin<j:  the  amount  of  the  residues.  'Vhv  concen- 
tration necessary  to  us(»  on  various  varietit^s  showin«.r  difl'erent  levels 
of  residue  was  studi(Ml  in  some  detail. 

A  lar<^^e  number  of  lots  of  apples  of  diU'erent  varieties  under  various 
spray  treatments  were  run  throujzh  the  dotation  washer  at  room  tem- 
perature, and  the  (piantity  of  lead  and  ars(^nic  removed  by  using 
hydrochloric  acid  at  three  concentrations  was  determined.  The  timo 
of  ininiersion  in  the  washer  was  1  minute;  and  the  concentrations  are 
jriven  in  percentage  by  weight  of  hydrochloric  acid.  Table  'A  shows 
the  relative  elfectiveness  of  the  three  concentrations  in  removing  lead 
and  arsenic.  Tiie  results  are  (wpressed  in  percentage  of  residue  (lead 
or  arsenic  trio.xide)  remaining  on  the  fruit. 

Maximmn  removal  was  effected  by  the  highest  concentration,  and 
only  at  this  concentration  was  the  removal  of  arsenic  ])roportionately 
as  great  as  that  of  lead.     This  important  consideration  has  apparently 
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not  been  mentioned  in  previous  studies.  Based  on  an  averap^e  of  all 
samples  from  various  sources,  the  p-eatest  efliciency  of  removal  of 
both  lead  and  arsenic  was  apparently  at  an  acid  concentration  of  ap- 
proximately 2  ])ercent  by  weight,  when  the  period  of  immersion  was 
1  minute,  in  a  flotation  waslu^r.  These  generalized  relationships  may 
be  changed  by  various  factors,  as  will  be  shown  later. 

Table  3. — -Percentage  of  original  arsenic  and  lead  sjiray  residue  remainiyig  on 
apples^  after  t-minnte  exposure  in  Jlotation  irnsher,  various  percentages  of  hydro, 
chloric  acid  being  used 


H  ViirDcliliiric  aci'i  ^tirii;.Mh 


1.0. 
2.0- 


Original  residue  re- 

iiiainiii)-'    I'll   fruit 
NnndnT  '        :if!i'r  '.\  :i-liUi^' 

of  _^ 

sampii's  "      i"' 

Arsenic 

trioxide 


10 
74 

17 


Lead 


J'(  ret  lit        I'trci  til 

44.  f<  ,         'il..'i 

33.  1  j         -.'.7.  U 
2<».  .')  2t).  8 


'  See  p.  62  for  varieties  represented  iu  this  table. 

IlYDuocnLOHic  Acid  axd  Salt 

The  addition  of  salt  to  solutions  of  hydrochloric  acid  has  been  ad- 
vocated by  several  workers  {2,  7).  Overley  et  al.  (6*),  however,  indicate 
questionable  results  at  temperatures  less  ihan  110°  V.  Aw  invisti- 
gation  of  the  possible  usefulness  of  salt  was  undertaken.  Tiie  figures 
in  table  4  indicate  that  when  small  (piantitics  of  salt  (1  ])ercent)  are 
added  to  dilute  acid  in  a  flotation  washer  the  efhciency  of  the  acid  is 
not  appreciably  increased.  When  larger  (piantities  of  salt  are  added 
there  is  a  decided  decrease  in  the  amount  of  lead  removed,  while  the 
amount  of  arsenic  removed  is  very  slightly  increased. 

Table  4. — Effect  of  added  sodium  cfdoride  on  the  efficiency  of  lead  and  arsenic  sprny- 
residue  removal  from  apples  icith  hydrochloric  acid  vask  solution 


Composition  of  wash  solution 


1  percent  HCl  containing  8  pounds  Na(]l  per  100 
gallons.- . 

1  percent  HCl  containing  50  pounds  N'aCl  i)er  100 
gallons . 

1  percent  HCl  containing  100  pounds  NaCl  per  100 
gallon.s ...  

2  percent  HCl  containing  100  pounds  NaCl  per  100 
gallons 


Nuniher 

of 
samples 


A  vcrage  lead  resi- 
due remainint;  on 
fruit  after  wash- 
ing with  — 


Average  arsenic  tri- 
oxide  residue  re- 
maining on  fniit 
after  washing 
with— 


Acid 

alone 


Percent 
26 

28 

28 

23 


Ari<l 
-r-NaCl 


PfTcent 
26 

35 

35 

27 


Acid 
alone 


Acid 
+  NaCl 


Percent   '   Percent 
50  45 


25 

28 


21 
21 

26 


Mixed   Acids 


A  mixture  of  1  percent  of  hydrochloric;  acid  and  0.5  percent  of  nitric 
acid  was  tried  as  a  residue-renu)ving  solution.  No  apparent  benefit 
was  secured  by  the  addition  of  nitric  acid. 
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EFFECT  OF  WETTING  AGENTS 


The  work  of  McLean  and  Weber  in  1931  (/;)  indicated  that  the  use 
of  a  wetting  or  foaming  agent  increased  the  etrectiveness  of  washing 
in  the  removal  of  spray  n^sidiu^s.  Several  comiiuM-cial  ])roducts  have 
appeared  on  the  market,  and  a  test  of  their  efliciency  under  Pennsyl- 
vania conditions  was  considered  desii-able.  In  using  these  various 
products,  the  recommendations  of  the  manufacturer  regarding  the 
quantity  to  be  used  were  followed,  when  such  recommeiulations  were 
given;  otherwise  a  l-])ercent  solution  by  weight  of  the  wetting  agent 
was  used.  Table  5  gives  typical  n^sults  obtained.  The  data  given 
ill  this  tal)le  iiidicntc  that  at  least  for  the  conditions  of  this  test,  these 
twn  netting  agents  (lh<'  coinniercin,!  prepMi'M tiniis  asailable  (o  the 
ap|)l"  indij^ti'v  I  shoucd  no  consislciil   beneht. 

TaHI.t.  •">.  /'-'j^  r/  r,f  ,:!  cntu )ne mill  irrfling  agents  an  thr  clji'-it  ncy  of  [fU'l  mul  (irr-mic 
..  lira '!-''(  ■^•!(hu'  •i/titit'dl,  Jrmn  sifrral  rnrirfns  oj  iijtplis^  I-  nud  '-/n'C»fif  h'jilri>- 
cUitric  (iCid   (I'/ish  .sdlut t'ltts  hi  trig  usril 

1   CERCKNT    llCi   \S\)   WKl  ri.\(;   A(ii:.\T   A' 


(drains  per  pound  of  fruit  of  — 

Lead 

Arsenic  trioxido 

Variety  of  apples 

Original 
load 

0.  140 
.  OSO 
.  070 
.  (H8 

After 
HCl 

washing 

0.  a33 
.  026 
.  020 
.028 

After  HCl 

washing  + 

wetting 

agent 

0.  034 
.018 
.018 
.  024 

Original 
load 

0.  024 
.  023 
.017 
.018 

After 
HCl 

washing 

0.013 
.013 
.fK)8 
.012 

After  HCl 

washing  + 

wetting 

agent 

Jonatti;in._-       

0  012 

ririnn     (ioidt'n 

."^rijokchouse. 

.Oil 
009 

Hubbardston 

009 

1   PERCENT  HCl  AND  WETTING  AGENT  H 


2  PEJ{CENT  HCl  A.M)  WETTING  AGENT  A 


Jonathan ._.   . 

0.  140 
.  0h8 
.  084 
.073 
.  122 
.  038 

0.  026 
.023 
.020 
.020 
.  0.30 
.008 

0.  032 
.  022 
.025 
.017 
.  022 
.008 

0.  024 
.  043 
.  0,38 
.  025 
.048 
.013 

0.  (KX3 
.(,(08 
.007 
.(K)7 
.  (KJH 
.003 

0.018 

Do- 

.(XW 

Grimes  G(»iden  .. 

.011 

Do.-- 

.011 

York  Iniperiai    . 

.013 

Stayman  Winesaj) 

.004 

2  PERCENT  HCl  AND  WETTING  AGENT  H 


Jonathan 

0.088 
.084 

0.  023 
.  024 

0.024  1 
.  024 

0.043 
.  032 

O.OOS  : 
.011    ' 

0.011 

Uriiiies  Golden ... 

.010 

Do 

.  07.3 

.020 

.  024 

.  025 

.  007   1 

.018 

'^  ork  Inii)erial 

.  1 24 

.037 

.031 

.038 

.(K)8   1 

.  020 

Ma\inan  VVinesap. 

.038 

.008 

.009 

.013 

.003  1 

.006 

'  Welting  agent  used  with  1  percent  NaCl  according  to  manufacturer's  recommendations. 
'  Double  manufacturer's  recommendations. 

A  furtlier  study  of  tjie  effectiveness  of  wetting  agents  was  conducted 
on  a])ple  samples  dipped  in  a  smaller  amount  of  wasliing  solution, 
closely  simulating  in  every  way  the  treatment  secured  in  a  flotation 
washer.  These  results  are  shown  in  table  i).  The  apples  used  in  this 
experiment  received  six  cover  sprays  each  containing  .'^  pounds  of  lead 
arsenate,  5  pounds  of  flotation  suli)hur,  and  1  quart  of  fish  oil  in  each 
100  gallons  of  sj)ray.     There  was  no  significant  increase  in  removal  of 
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the  residue  when  the  wettin^:  accents  were  used  in  addition  to  tlic  acid 
at  room  temperature,  and  a  slight  but  consistent  apparent  increase  in 
the  percentage  removal  when  wetting  agent  A  was  used  witli  acid 
solution  at  100°  F. 

Table  6. — Effect  of  commercial  wetting  agents  on  the  efficiency  of  lead  and  arnenic 
spray-residue  removal  from  York  Imperial  and  Stay  man  Winesap  apples,  when 
hand-dipped  in  t  percent  hydrochloric  acid  wash  solution  at  different  temperatures 


Washing'  treat iiionf  • 


drain  of  rosidtu'  per  pound  of  fruit  for- 


Stayinan  w  iiiesap 


Original  load     

1  inTitMit   H  <  'I.  1  iiiiiinlc  at  •>()' 

Plus  wet  I  iiiL'  aufiit   A 

I'lus  ucti  iti^'  a)-'t'iit    It 
1  porccnt  H<  '1,  '2  uuriulos  at  >'>') 

I'lus  wt'ttini:  a^'cnt  A . 

I'lus  wettiii^'  a^rent  H 

I'lus  wet  tins  a>;ent  C 

I'lus  wetting;  ajiont  1) 

I'lus  wettins;  a^ont  K. 

Pius  weiiiuK  uKeiil  F 
1  percent  UC],  1  minute,  at  100°  ¥ 

Plus  wettintr  atient  A 

Plus  wetting  a^ont  B 

Plus  wotting  agent  C 


I  Wetting  agents  C,  D,  E,  and  F  were  experimental  j)roducts  of  the  Rubber  Service  Laboratories  Co. 

As  a  means  of  determining  the  ])ossible  effect  of  the  type  of  washer 
on  the  efficiency  of  the  wetting  agent,  samples  of  a])])h's  were  washed 
both  in  the  flotation  washer  and  in  the  underbrusji  washer,  a  2-percent 
hydrochloric  acid  solution  and  wetting  agent  B  being  used.  These 
results  have  already  been  ])resented  in  table  2.  It  is  a])])arent  that 
there  was  no  very  decided  advantage  in  the  use  of  wetting  agents  in 
either  washer,  although  the  a])ples  sprayed  with  fish  oil  (treatment 
3)  showed  a  slightly  greater  removal  of  lead  when  tlie  wetting  agent 
was  used  than  when  the  acid  alone  was  used.  From  all  three  s])rHy 
residues  the  removal  of  arsenic  was  apparently  sliglitly  aided  in  some 
cases  by  the  ])resence  of  the  wetting  agent. 

On  the  whole,  under  the  conditions  of  these  tests,  the  use  of  wetting 
agents  did  not  assure  an  increase  in  tlie  amount  of  s])ray  residues 
removed.  However,  some  of  the  data  sliowed  that  additional  arsenic 
was  removed  when  wetting  agents  were  em])loyed,  tlius  indicating 
that  in  certain  cases  their  use*  may  be  justified.  Tli(»  exact  conditions 
under  which  wetting  agents  may  be  ex])ecte(l  to  yield  benefits, 
however,  were  not  revealed  in  this  stud}'. 

EFFECT  OF  RAISING  THE  TEMPERATURE  OF  WASHING  SOLUTION 

The  use  of  heated  solutions  in  the  wasliing  of  a])])les  has  been  rec- 
ommended bv  several  investi<jators.  Particularlv  when  the  residue 
present  on  the  fruit  is  extremely  large,  the  use  of  a  warm  washing 
solution  theoretically  should  be  one  of  the  most  economically  eflec- 
tive  methods  of  removal.  Studies  were  made  comparing  the  efliciency 
of  hydrochloric  acid  wash  at  approximately  ()0°  and  100°  F.  The 
complete  data  have  been  given  in  table  1.     The  percentages  reniain- 
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ing,  given  in  table  7,  indicate  tlie  average  amount  of  residue  remaining 
on  the  three  samples  of  each  variety  studied. 

Table  7.  —Comparative  efficiency  of  lead  and  arsenic  ^pray-residne  removal  from 
York  Imperial  and  Staymayi  Winesap  apples  by  1-  and  2-percetd  hydrochloric  acid 
wash  solutions,  used  in  ffotation  and  underbrush  washers  at  (10°  and  l(Ht°  F. 


Type  of  washer  an<l  v;irief  y 
of  apple 


flot.ilii.ir 

York  lMiperi:i! 

SI  :i\  Miall    W  ll|i-ap 

riiijerhrush- 

York  Iiii|ieriiil 
Stayniaii  Wjiie^aii 


Average  residue  remaining  on  fruit  after  washing  with — 


1  jiercent   HCl 
at  W  F. 


1  percent  H("l 
at  100"  K. 


2  i)ercent  11  CI 
at  (iO'"  F. 


2  percent  H("l 
at  100''  F. 


Lead 


A  I-  I'liir 

trii>xulu 


l,e;id 


\  r-i'iiii' 
Iriu.Kido 


!,e:i.| 


\r   t'liir 
1  n  I )  \  i  •  1 1 ' 


Lead 


A  rsi.'ni(,' 
tnuAido 


I'(TVfHl    I'lTiy  lit    I'trcf  III    I 't  TCI  III    I 'i  read    Pnniil    I'frrtrd    I'trc^id 


its 

'X.\ 


;ir) 

an 

25 

26 

22 

'11, 

•ic 

'20 

1.^ 

:u 

17 

•2H 

aa 

23 

29 
23 


23 
20 

20 
19 


29 
21 

29 
22 


20 
19 

16 
16 


These  figures  show  that  under  the  conditions  of  this  ex])eriment  the 
acid  solutions  when  heated  to  100°  F.  were  definitely  more  effective 
in  removing  both  arsenic  and  lead  than  were  the  c()rres])onding  acid 
solutions  at  i)()° .  The  (^frectivem^ss  of  the  l-])ercent  hydrochloric  acid 
solution  at  100°  was  e(pial  to  that  of  the  2-])ercent  hydrochloric  acid 
sohition  at  ()()°.  The  difrerence  in  ease  of  removal  from  ^'ork  Jm])e- 
rial  and  Stayman  Winesap,  which  will  be  discussed  later,  is  brought 
out  in  this  table. 

The  data  on  the  washings  in  the  brush  machine  shown  in  table  7 
are  not  as  consistent  as  might  be  desired.  This  is  in  part  explained 
by  the  fact  that  with  the  facilities  available  it  was  not  possible  to 
maintain  a  constant  tem])erature  in  the  underbrush  washer  because 
of  the  violent  agitation  and  the  consefpient  rapid  loss  of  heat.  In  the 
flotation  washer  the  tem])erature  was  constant. 

EFFECT  OF  SPRAY   MATERIALS  APPLIED 

The  ease  of  removal  of  any  given  s])ray  deposit  from  the  surface  of 
an  a])])le  is  undoubtedly  affected  greatly  l)y  the  factors  which  determine 
the  nature  of  this  de])()sit.  These  may  be  complicated  by  a  great 
number  of  variable  conditions,  viz.,  temperature,  humidity,  wind 
velocity — inasmuch  as  it  affects  speed  of  drying — rainfall,  the  chemi- 
cal com])osition  of  the  s])ray  mixture  a])])lied,  and  the  nature  of  the 
a])plc  surface. 

It  was  im])ossil)le,  in  this  study,  to  determine  the  effects  of  all  these 
factors,  but  some  attention  was  given  to  the  effect  that  the  gross  com- 
position of  the  spray  mixture  may  have  u])on  the  case  of  removal. 
The  data  in  tables  1  and  2  show  the  relative  ease  of  removal  of  three 
basic  spray  mixtures  on  two  varieties  of  a])])les. 

The  figures  in  table  1  have  Ixmmi  summarized  in  table  S  for  the  three 
spray  treatments.  The  ])ercentages  in  the  table  are  true  averages  of 
the  four  washing  treatments  given  to  fruit  of  each  ^■a^ety  receiving 
the  three  different  s])ray  mixtures. 
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Table  8. — -Effect  of  the  gross  composition  of  the  original  sprny  used  on  the  efficiency 
of  arsenic  and  lend  spray-residue  removal  from  York  Imperial  and  iStayman 
Winesap  apples  with  hydrochloric  acid  wash  solution  used  in  flotation  and  under- 
brush washers 


Variety  and  sample  no. 


"Sork  Ii;i]HTi;il,  1 

^'ork  Iiiipcrial,  'J 

York  Iiiipi-riiil,  ;i  ... 
Stiiyiium  Wiiicsap,  1 
Staynian  Wiiu'sap  2 
Stuyiiiiui  Winesap,  H 


Original  residue  remaining  on  fruit  after  washing 


Lead 


Flotation 
maciiine 


Under- 
brush 
niachiiie 


Prrrrnt 
.'■'.I 
2ti 
37 
33 
21 
22 


Percrvf 


Averapo 


Prrrrvf 


Arsenic  trioxide 


Flotation 
inaciune 


Prrrrvt 


Inder- 

brusn 
Tiiachino 


Prrrrnt 


Average 


J'^rrrerit 


;ii 

.',,'1 

2',» 

21) 

21 

24 

22 

10 

31 

:iH 

;<i 

2.'> 

24 

2'.) 

20 

20 

20 

20 

If) 

19 

19 

2(1 

■A2 

31 

Jt 

19 
28 
20 
18 
31 


These  data  indicate  that  lead  and  arsenic  behave  differently  under 
washing  treatment.  Both  York  Imperial  and  Stayman  Winesap  fruit 
sprayed  with  lead  arsenate  and  iiiiie-sulpJiur  without  slicker  retained 
the  least  lead  residue  at  harvest,  while  tlie  inclusion  of  fish  oil — with 
flotation  sulphur  rather  than  lime-sulphur — built  up  the  greatest 
deposits  (table  1). 

Table  8  shows  that  the  lead  residue  from  treatment  2  which  con- 
tained skim-milk  powder,  offered  the  least  difficulty  in  cleaning.  In 
treatment  1  (no  sticker)  and  treatment  .3  (fish  oil)  more  of  the  lead 
was  retained  after  washing.  In  treatment  3  lead  was  more  completely 
removed  than  in  treatment  1  on  Stayman  Winesap,  but  not  on  York 
Imperial. 

Table  9. — Effect  of  gross  composition  and  method  of  application  of  tJie  original 
spray  used  on  the  ease  of  lead  and  arsenic  spray-residue  removal  from  (irimes 
Golden  apples  uith  J -percent  hydrochloric  acid  wash  solution  used  in  flotation 
washers 


Spray  treatment  (fi  sprays  applied) 


Lead  arsenate,  3  pounds,  lime-sulphur,  2  gallons  ' 

Lead  arsenate,  3  pounds;^  hydrated  lime,  0.5  pounds,  lime-sulpliur, 

2  gallons _ 

Lead  arsenate,  3  pounds;  flotation  sulphur,  5  pounds;  fish  oil,  1 


quart. 


Lead  arsenate,  3  pounds;  skim-milk  powder,  2  pounds;  lelhane  410, 
8  5  fluid  ounces;'  lime-sulphur,  2  gallons 

Lead  arsenate,  3  pounds;  skim-milk  powder,  2  pounds;  Ulack  Leaf 
40.  1  pint;' lime-sulphur.  2  gallons;  hydrated  lime,  0.5  pounds  « 

Lead  arsenate,  3  pounds;  lime-sulphur,  2  gallons;  pine-tar  soap,  1  pint 


Number  of 
samples 
washed 

Average 

residue  remaining  on 

fruit  after  washing 

Lead 

Arsenic 
trioxide 

2 

Percenl 
30 

Pa  ant 
23 

2 

39 

41 

3 

37 

0 

4 

37 

41 

ft 

1 

32 

38 

m 

S3 

'  All  quantities  given  are  per  100  gallons  of  spray. 
•  ("ontaining  ciisein. 


'  In  2  sprays  only,  at  oviposition  peaks. 
♦  In  la.st  cover  spray  only. 


With  respect  to  residues  of  arsenic,  table  1  shows  that  treatment  1 
built  up  the  least,  and  treatment  2,  containing  skim-milk  powder,  the 
greatest  deposits  at  harvest.     As  in  the  case  of  lead  removal    (table 
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8),  treatment  2  cleaned  most  readily.  Treatment  3,  how(».ver,  a])par- 
ently  formed  an  arsenic  deposit  considerably  more  dilficult  to  remove 
than  treatment  1,  this  b(nng  more  pronounced  on  Stayman  Winesap 
than  on  York  Imperial. 

Further  study  was  made  on  Grimes  Golden  ai)ples  which  had 
received  six  different  spray  treatJiients.  These  samples  were  washed 
in  the  flotation  washer  with  1 -percent  hydrochloric  acid  solution. 
The  results  are  shown  in  table  1).  Ajiiong  the  spray  mixtures  con- 
taining added  slickers  or  s])readers  tliere  weie  a])])arently  no  signifi- 
cant difrercnces  in  the  (Mise  of  removal;  all  showed  higher  ])ercentages 
of  lead  and  arsenic  not  removed  by  tjie  wnsliing  treatment  tliaii  was 
the  cMse  with  tiie  mixture^  of  linie-siilpjiiii'  and  lend  arsenate. 

It  sjionid  be  mentioned  ngain  llinl  tlic  Jiinoimt  of  tiie  original  load 
oil  tiie  fi'iiit  nn(loiil)t(MJly  aU'ecls  »}i(>  elliciencv  of  removal;  idglier  loads 
being  reinoNcd  to  a  pi'opoi't  ionately  u'lcater  extent  tiian  jowei'  loads. 
In  tiie  ea<e  of  tjie  data  in  table  *),  this  eii-cuinst  ancc  makes  ijie  state- 
ineiit  in  tJie  last  paraLrrapji  nioi'e  siicnilieant  ,  ^ince  in  all  eases  tlie  load 
on  tJie  fniil  spi-aycd  witli  lead  arsenate  and  liine-snlpiiiir  nii.xtnic  wa's 
lower  than  wlien  modifi(M"s  weie  added. 

Tal)les  8  and  9  suggest  that  tli(»  different  added  materials  had  a 
preferential  effect  in  th(^  ease  of  removal  of  arsenic  and  lead  from  the 
three  a])[)le  varieties  re])resented.  For  instance*,  more  arsenic  tlian 
lead  was  removed  from  fruit  of  all  three  varieites  s])rayed  with  tlie 
mixture  containing  no  added  sticker.  This  was  also  true  for  the 
mixture  containing  fish  oil  on  (J rimes  Golden  and  York  Im])erial,  but 
not  on  Stayman  Winesa]).  l^ead  and  arsenic  were  removed  with  almost 
equal  facility  from  the  mixture  containing  skim-milk  ])Owder  on 
York  Imperial  and  Stayjuan  Winesap,  whereas  on  Grimes  Golden 
the  arsenic  was  retained  to  a  slightly  greater  extent. 

EFFECT  OF  SPRAYING  SCHEDULE 

The  number  of  a])plications  and  date  of  the  last  a])])lication  in  rela- 
tion to  date  of  harvest  have  a  direct  bearing  on  residue  levels  and  con- 
secjuently  on  the  wasliing  treatment  necessary  to  bring  these  residues 
below  tlie  tolerance.  It  was  impossi])le  to  give  separate  attention  to 
this  ])hase  of  the  ])roblem.  However,  it  will  l)e  noted  that  the  original 
loads  re])orted  in  tables  5  and  i\  were  in  many  cases  very  high  and 
were  not  in  all  cases  reduced  below  tolerance  by  the  washing  treat- 
ments a])])lied.  The  fruit  sam])led  came  from  various  orchards 
heavily  infested  with  codling  moth.  The  Smokehouse  and  Grimes 
(jolden  received  (>  cover  s])rays  ending  in  mid-fJuly,  while  most  of  the 
other  varieties  were  s])rayed  7  to  1)  times  between  the  ])etal-fali  a])])li- 
cation  and  mid-Angust.  The  ^^)rk  lm])(Mial  and  Stayman  Winesaj)  in 
tables  1  and  2  received  ()  a])])licati()ns  ending  in  mid-July.  Here  arsenic 
removal  was  satisfactory  with  cold  l-])ercent  hydrochloric  acid,  even 
where  fish  oil  was  used  in  the  s])ray  mixture.  L(\kI  removal,  except 
where  fish  oil  was  used,  a])])eared  to  be  e(jually  satisfactory  in  most 
cases,  though  1  sam])le  of  York  lm])erial  failed  to  react  to  2-percent 
hydrochloric  acid  at  ()()°  F.  and  2  sain])les  of  Staynian  Winesa])  to 
1-percent  hydrochloric  acid  at  100°. 
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EFFECT  OF  VARIETY  OF  APPLES 


In  the  reported  work  on  the  eflcct  of  varietal  difrerences  on  the 
efficiency  of  spray-residue  removal,  tiie  information  is  neither  definite 
nor  complete.  Overley,  St.  John,  Overholser,  and  (Jroves  (6')  state 
tliat  the  Winesai)s  cleaned  more  readily  than  did  Kso])ns  S])itzerd)iirg, 
Delicious,  and  \  ellow  Newtown.  Since  the  Stayman  Winesa])  apples 
retained  more  spray  residue  at  harvest  than  some  other  varieties  when 
subjected  to  the  same  spray  treatment,  it  was  consider(Ml  likely  that 
this  variety  might  offer  more  difliculty  in  chMinin<j:.  This  provfnl  not 
to  be  the  cas(%  as  shown  by  the  results  <!:i\('n  in  tabh*  10. 

Tammo  \().       Effect  of  rariclii  of  (ipplfs  on  ihr  cose  of  Ituul  tind  (irscitir  s/>r(ii/'rt'siiiuc 
rc/noval  from  ihf  fruit  irittt  /-  <in({    J  percent  h;/il  roclilaric  oci'l  inisti  solid  tons 


Xiiin- 

r»Tc<>nt:iKt' of  aci'i  ami       Imt  nf 
%:irii't  y  of  'iiiiiit'  >;iiii- 


] -p c  r  (J  e  II  t  hydrochloric 
acid: 

(JlUllfS    (  MMlif  11 

York  lnii)eri!il  - 

Stayman  Wiiie-sap-- 

Jonathaii 

Home  Beauty 

Smokehouse 

Hen  Davis 

Delicious  

Yellow  Newtown -.- 

Stark 

Hubbardston 


19 
17 

f. 

4 

;i 
1 
1 
1 
1 
1 


Average  nf  orii' 

iria!  ri'iiiainiii^: 

1)11  fniil  after 

WiLshUlg 


Lead 


Percent 

m 

■27 

:<() 
:<2 

2H 
•M) 

42 


Arsenic 
trioxide 


Percent 
40 

:w 
;v.t 

42 

'.VI 
32 
57 
70 
33 
55 


I'lTft'iilat'c  (if  acn!  ainl 
\  aril''  >   nf  apple 


2-i)er('  e  n  t    hydrochloric 
acid: 

•i  «iiiiie>  «  ioi(ieii 

■^'ork  Imperial 

Jonathan   

1  )elicioiis 

Stayman  Winesaj).. 


I  A  ver  ai'e  of  iirii'- 
v;i,jii  inal  rcsidiie  re- 
t„.r  ,,f     ■"^""""^  ""  fniit 

sum-       ''^^*''"  ^''■''"'JK 

pies 


Lead      .^ '-•■"!•■ 
1  trioxule 


Percent 

PfTceni 

30 

19 

34 

35 

28 

27 

2:5 

36 

21 

23 

The  factor  of  differential  s])ray  treatments  is  not  considered  in 
table  10,  although  it  ])robabIy  lias  c()nsid(M-able  })earin<,M)n  the  removal 
of  the  resi(hies  by  washing,  in  general,  however,  the  ty])e  of  a|)])li- 
cation  in  these  sam])les  has  been  the  same,  lend  arsenate'  W  pounds  to 
100  gallons  j)lus  skim-milk  s])reader.  1'he  number  of  a])i)licjiti()iis 
varied,  however,  from  W  to  <S.  Xo  ])articuhir  significance  may  be 
nttached  to  those  figures  re])resenting  a  single  sam])le,  but  they  are 
included  in  this  table  to  indicate  ])<)ssible  relationshij)s  which  nuiy 
exist  between  variety  and  ease  of  removnl. 

Table  10  shows  that  among  those  varieties  of  which  sufficient 
numbers  were  examined  to  make  interpretation  ])()ssil)le,  Smokehouse 
and  Stayman  Winesa])  cleaned  most  readily;  Crimes  (Jolden,  Konie 
Beauty,  and  Jonathan  came  next  while  York  Imperial  offered  con- 
siderably more  difficulty. 

Among  the  varieties  re])resented  bv  a  single  sam])le,  lien  Davis 
appeared  to  be  easy  to  clean.  Stark  o'ffered  moderate  difficultv,  and 
Yellow  Newtown  and  Hubbardston  were  the  two  hardest  to  clean. 
Hubbardston  in  })articular  seemed  to  be,  from  otlier  ex])eriments,  the 
most  difficult  to  clean  of  all  varieties  tested. 

SUMMARY  AND  CONCLUSIONS 

This  study  attempted  to  determine  the  effects  of  various  factors  on 
the  removal  of  arsenic  and  lead  from  ai)j)]es  under  Pennnylvania 
conditions. 


The  removal  of  arsenic  and  lead  were  proportional  to  the  concentra- 
tion of  liydrochlorii^  acid,  but  a  higher  concentration  of  acid  removed 
proportiomitely  greater  amounts  of  arsenic  than  lead.  The  concentra- 
tion removing  both  of  these  elenuints  in  i)ro])ortional  quantities  was 
api)roximately  2  ])ercent  by  weight. 

Wetting  agents  were  of  little  value  in  increasing  the  efficiency  of 
hydrochloric  acid  solutions  in  a  flotation  washer  at  room  tempc^rature, 
but  a  slight  increase  in  the  removal  of  arsenic  resulted  from  tluur  use 
in  a!i  underbrush  machine.  This  incnnised  efficiency  was  too  small 
to  be  of  any  great  importance,  e\cei)t  i)()ssibly  where  fish  oil  was  used 
in  the  s])ra\'  mixtui'e. 

'V\\v  \;iri('ty  (yf  the  ,'ip|)!('s  w.-ished  was  ;in  important  I'.-H'for  in  tiie 
.';!-('  ot  residue  rchiox.-il  by  ih'kI  ~>'»|ii!  ion--.  Lisled  in  ihc  onlcf  (»f  in- 
(■ic-'^inLT  dilliciihy  in  residue  renio\;tl,  the  varieties  stiKhed  ina\'  b(^ 
;u'!<'iiiii,('d  lent;iti\<'lv  ;is  follows.:  Sinol>.ehouse,  Si  ;i  \  in;i  n  \\'ine>;ip,  Hen 
|);i\  1^,  (  iriine>  (  iolden,  Koine  1  )e;Mi  ty ,  Joiia  I  ha n ,  Stnrk,  York  !  niperinl, 
DellcKMi-,  while  the  lew  d;il;i  ;i\i;d;d)le  indie;ite  tlint  Yellow  .\e\sto\\n 
and  lliil)l)ai(lston  are  two  \arieties  most  diiiieult   t<>  clean. 

The  under'!)rush  waslier  was  slightly  more  effective  in  removing 
both  arsenic  and  lead  residues  than  tlie  flotation  washer,  even  thou":h 
the  tunc  required  for-  eh^ining  wa.s  le^v;  jn  the  former. 

Raising  tlie  temperaturi*  of  tlie  acid  bath  from  (;()°  to  lOO"^  F.  in- 
oreased  the  efficiency,  a  I -percent  iiydrochloric  acid  solution  at  100° 
being  a])])roximately  as  effective  as  a  2-])(U'cent  hydrochloric  acid 
solution  at  ()()°.  Tlie  addition  of  salt,  as  recomiiKuided  by  several 
workers,  did  not  increase  the  eflici(*ncy  of  acid  solutions.  Mixed  hy- 
drochloric acid  and  nitric  acid  solution.^,  sodium  carbonate,  and  soaj) 
and  sodium  silicate  were  not  so  effective  in  lowering  the  residue  on 
tli(^  fruit   as  dilute  hydrochloric  acid  solutions. 

Apparently  the  type  of  sj)ray  mixture  applied  had  an  effect  on  the 
ease  of  removal  of  ars(»nic  and  lead;  this  effect  was  not  the  same  for 
both  ehunents  and  was  coinj)licate(l  by  varietal  differences.  Fruit 
sj)raye(l  w  ith  mixt  ures  eontaining  a  skim-milk  s])rea(ler  cleaned  slightly 
more  readily  than  did  those  sprayed  with  other  combinations.  The 
addition  of  fish  (ul  to  the  sj)ray  mixture  caused  a  de])osit  of  residue 
more  difficult  to  remove,  lujt  not  so  diflicult  as  has  been  suggested  in 
the  literature. 
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STUDIES  ON  THE  NICOTINE  CONTENT  OF  CIGARETTE 

SMOKE  ' 

By  C.  O.  Jexhkn,  inHtrurtor  in  agricultural  and  biological  chemistry,  and   D    E 
"l^l^H^:!.'''''  ''''''''"•'  '''''  '>^^^-^-"«'^^.  Pennsylrama  Agrrculiur^ 

INTRODUCTION 

Nicotine  lias  boon  praisod  and  condoinnod  evor  sinro  it  was  first 
isolated  froin  tobacco  hy  Posselt  and  Keiniann  as  cited  by  Pictet 
(19a, /J.  h5i)Y\n  1S2S.  Botb  praise  and  condemnation  have  had  little 
farlual   basis,   however,    for    the    physiolocrica!    action    of  nicojin<>    in 

rovw'isinl 


•ha 


ceo  sinoKc  IS  St  I 


a   con 


,,,•,,        n-     .     r      >     ,■  •       ^^''>J<'<'<        i^obu-o   invcslmntors 

rail  ostHi)  ish  ibe  ell(M-t  of  inlinbn-  nicotine  m  smoke,  tbev  mus(   know 

i"»^^   """•''  "'   <'><'  Hlkah)id  IS  ])n"scnt.      Many  conHict in-  stat(>i 
!!rc  foiind  on  t  bis  subject. 

A  \v\\v\s  of  tbe  blcnitmc  ^l,nw-.  ibal  several  fn,|.»ix  u\n\  cMii.e  a 
li'Ktuadon  in  the  nicotine  content  of  tobacco  smoke  aiiKHK--  which 
aiv  th(>   moistiiiv  content  of  the   tobacci*.   tlie  rate  of  smokfn^'    the 


merits 


quantity  leit  nnbnrnod,  and  the  nicotme  content  of  the  tobacco  itself 
111   order    to   study    these    btctors    n    ^Mf ic;f,w.f o.-v    .v.oU.r.i    r.^.    -.i 


determination  of  nicotine  in  smoke  must  be  employed."    Tlie  e.xistin^ 
methods  were  therefore  reviewed.  '^  -  fe 

METHODS   FOR   DETP]RMININ(r   NICOTINE   IN   TOBACCO   AND 

TOBACCO  SMOKE 

A  method  for  the  determination  of  nicotine  in  tobacco  smoke  nuist 
have  two  particidar  (inahficaticms.  As  in  the  case  of  tobacco  itself 
the  method  inust  not  mchide  the  estimaticm  of  amnumia  pyridine 
and  Its  derivatives,  or  other  basic  substances  as  nicotine  It  is 
particularly  important  that  ammonia  be  se[)arated  quantitativelv 
Ironi  the  nicotine,  as  shown  by  the  data  of  llalev,  Jensen,  and  Olson 
(cS) '  on  ciojar  smoke.  In  fact,  the  ammonia  con'tent  of  smoke  equals 
or  exceeds  the  nicotine  content  in  some  cases.'^  Schaarschmidt  C^O) 
has  shown  that  pyridine  is  present  in  much  smaller  amounts 

A  second  qualification  which  the  method  must  have  is  the  abihtv 
to  measure  accurately  small  amounts  of  nicotine 

Picric  acid  reacts  with  nicotine  to  -ive  the'  yellow  amorphous 
dipicrate  which  ^^radually  chan-es  to  the  crvstalline  form.  Pfyl  and 
^c  unitt  (7.9)  have  used  this  reaction  as  the  basis  of  a  method  for  the 
determination  of  nicotine.  This  method  with  modifications  was  used 
y  several  (.orman  investigators  {2,  6',  12,  IS,  20),  m  the  analysis  of 
both  tobacco  and  tol)acco  smoke.  Pfyl  and  Schmitt  state  that  the 
pienc  acid  method  is  e.xceHent  for  the  (h^termination  of  nicotine  in 
obacco  smoke  because  ammonia,  pyrubne,  and  other  bases  do  not 
intortei-e^  Jhit  Koperina    {12)   states   that  nitro^^en   compounds  do 

■  Kt'fen'rico  IS  niiidc  hy  niinihor  (italir)  to  LiLTitiiro  CitoM    p   271 
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interfere  in  this  determination.  In  a  comparison  of  the  Pfyl  and 
Schmitt  method  (19)  with  Baggesgaard-Rasmussen's  sihcotungstic 
acid  method  (1),  Heiduschka  and  Muth  (9)  showed  that  the  two 
methods  gave  practically  identical  results. 

At  the  present  time  Chapin's  silicotungstic  acid  method  (7)  or 
modifications  of  it  are  widely  used  for  nicotine  determinations  {S,  23, 

4,  11,  16,  22,  23). 

Any  method  in  which  sihcotungstic  acid  is  used  as  the  precipitating 
agent  solves  the  question  of  ammonia  separation  because  ammonium 
silicotungstate  is  soluble  in  water  (7).  Pyridine  is  more  likely  to 
interfere  in  the  precipitation  of  nicotine  (7,  H,  17).  However,  Mach 
and  Sindhnger  (14)  state  that  nicotine  can  be  separated  from  pyridine 
in  cold  0.5  percent  hydrochloric  acid  solution,  if  the  sohition  is  nuulo 
so  dilute  tliat  no  pyridine  is  })recipitated.  In  this  case  only  a  very 
small  amount  of  nicotine  escapes  precii)itation.  Bauniberger  (3)  has 
stated  that  the  nicotine  content  of  smoke  can  be  determined  by 
Chapin's  method  without  j)yridine  interferenc(\  Wenusch  (^/J)  used 
this  method  on  cigar  smoke  and  found  that  the  results  obtained  were 
too  high.  On  diluting  the  solutions  to  10  times  their  original  volume 
before  precipitation,  the  results  were  the  same  as  those  obtained  on 
the  polarimeter.  It  was  possible  for  Wenusch  to  determine  nicotine 
by  the  polariscope  for  he  used  the  smoke  from  25  cigars  for  one  deter- 
mination. 

Because  of  the  possible  erroneous  results  that  might  be  obtained 
if  too  much  pyridine  is  present,  a  series  of  determinations  were  made 
to  find  the  concentration  at  which  pyridine  does  not  interfere  with 
the  preceipitation  of  nicotine  in  dilute  solutions. 

Samples  containing  nicotine  and  added  amounts  of  pyridine  were 
treated  as  outlined  by  Chapin  (7).  One  hundred  cubic  centimeters 
of  a  solution  of  nicotine  and  pyridine  was  placed  in  a  Kjeldahl  flask, 
made  alkaline  with  sodium  hydroxide,  and  steam-distilled.  The 
solutions  obtained  were  made  up  to  500  cc,  and  four  100-cc  ahquots 
were  taken.  The  first  ahquot  was  not  diluted  but  the  other  three  were 
diluted  1-1,  1-2,  and  1-3  with  distilled  water,  acidified  with  HCl, 
before  precipitation  with  5  cc  of  12  percent  silicotungstic  acid.  The 
precipitates  were  filtered  through  weighed  Gooch  crucibles,  dried  for 
3  hours  at  125°  C,  and  weighed.     The  results  are  given  in  table  1. 

Table  1.- — Determination  of  nicotine  as  influenced  hy  various    concentrations  of 

pyridine 


Solution  analyzed 


0.060  g  nicotine  in  100  cc,  no  pyridine. 


0.060  g  nicotine  and  0.20  pyriiJine  in  100  cc 


0.060  g  nicotine 
100  cc 


and  O.OCO  r  pyridine  in 


Volume 

Concen- 

Concen- 

Weight 
of  pre- 
cipitate 

Grams 

of  solu- 
tion pre- 

Dilution 

tration 
of  added 

tration 
of  nico- 

cipitated 

pyridine 

tine 

cc 

J'ercent 

Percent 

{         100 

None. 

0 

0.012 

0.1164 

100 

None. 

0 

.012 

.1168 

\           200 

1-1 

0 

.006 

.  1141 

300 

1-2 

0 

.004 

.1105 

5(M) 

1-4 

0 

.002 

.  1070 

f           100 

Xone. 

.04 

.002 

.  1649 

200 

1-1 

.02 

.  006 

.1188 

)        ;ioo 

1-2 

.013 

Ann 

.1104 

600 

1-4 

.008 

.002 

.  1075 

f           100 

None, 

.12 

.012 

.  5666 

2(K) 

l-l 

.06 

.006 

.3014 

l'            300 

1-2 

.m 

.004 

.  1640 

'             500 

14 

.  024 

.(XJ2 

.1052 

Nicotine 
calcu- 
lated on 
basis  of 
original 
sample 
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These  results  show  that  in  solutions  containing  less  than  0.02 
percent  of  ])yridine,  there  is  little  interference  in  tlie  estimation  of 
nicotine.  However,  it  is  also  evident  that  as  the  solutions  are  diluted 
a  small  amount  of  nicotine  escapes  precipitation.  In  order,  tlierefore, 
to  be  certain  that  pyridine  does  not  interfere  with  the  determination 
of  nicotine,  the  solutions  must  })e  dihited  by  trial  until  there  is  no 
sharp  drop  in  the  wciglit  of  the  i)rccipitate. 

Solutions  obtained  from  the  a[)S()rption  of  cigarette  smoke  were 
so  treated,  and  there  w^as  no  signifi(;ant  difference  betwec^n  the  weight 
of  the  ])recipitates  from  the  diluted  and  the  undiluted  samples.  This 
acrroos  with  the  results  of  Hauni})erg(M"  (.7)  and  Schaarschmidt  and 
his  coworkers  (JO).  I^'iirt licrinorc,  nftcr  IS  fioiirs  tlu^  nrccipitates 
wore  crystailini*  uud  settled  out  rHjiidly  after  st iir-iFi'j-,  \\lii<'li  is  not  llie 
case  when  more  than  O.OL^  p(>rcent  of  pyridine  is  pi'esenl. 

Since  ammonia  did  not  interfere  wilii  the  results  of  Chapin's 
silicotiinirstie  acid  method  (7)  and  pyridine  did  not  int(ufere  under 
the  conditions  of  the  writers '  tests  with  railier  dilute  smoke  solutions, 
this  method  was  used  for  the  present  woi"k. 

APPARATUS  AND  PROCEDURE 

The  machine  shown  in  figure  1  was  devised  to  smoke  cigars,  cigarettes 
or  pipes  with  a  constant  lengtli  and  strength  of  ])uir  at  the  same 
intervals. 

The  cigarette  a  is  held  in  a  small  calcium  chloride  tube  b  and  the 
smoke  is  absorbed  in  the  gas-absorption  tubes  c,  <i,  e,  and  /.  The 
pump  /)  creates  a  partial  vacuum  in  tlie  11  ask  j,  and  this  puffs  the 
ciofarette  whenever  the  slowly  rotating  valve  h  is  open. 

The  reducing  gear  g  is  connected  by  a  short  piece  of  garden  hose  to 
the  valve  h.  The  reducing  gear  is  turned  f)y  a  synchronous  motor  i. 
In  order  to  prevent  an  increase  of  the  vacuum  in  j  as  measured  by  the 
water  manometer  m,  air  is  allowed  to  bubble  through  /  into  the  bottle 
k  which  contains  oil.  The  amount  of  vacuutn  can  be  regulated  by 
the  height  of  the  oil  in  k  and  also  partly  by  the  valve  7i.  The  calcium 
chloride  tower  o  is  used  to  })revent  water  vaj)()r  from  entering  the 
pump  p. 

(.'igarettes  were  stored  for  at  least  2  weeks  in  containers  of  known 
huniidity  so  that  the  moisture  content  could  be  controlled.  Five 
ci^^^arettes  were  weighed  to  the  nearest  hundredth  of  a  gram  and 
smoked  with  a  ''puff"  l.G  seconds  long  with  an  interval  of  O.I  seconds 
between  puffs.  The  dill'erence  between  atmospheric  pressure  and  the 
pressure  in  the  vacuum  bottle  was  15.25  inclu^s  of  watcT,  unless  other- 
wise stated,  '^riiis  allowed  20  cc  of  air,  as  measured  by  a  gas  meter, 
to  ])ass  through  the  cigarette  with  every  pull".  The  smoke  was  col- 
lected in  a  train  of  four  gas-absorption  tulx^s  each  containing  12.5  cc 
of  chloroform  and  12.5  cc  of  0.1  X  sulphuric  acid. 

After  the  smoke  from  the  live  cigarettes  had  been  collected  the 
chloroform-acid  solution  was  j)laee(l  in  a  separatory  funnel  together 
with  the  chloroform  and  wat(>r  washings  from  the  cigarette  holder 
and  the  absori)tion  tubes.  The  licjuid  was  agitated  and  the  lower 
chloroform  layer  was  removed  and  discarded,  since  nicotine  sulphate 
IS  insoluble  in  chloroform.  The  acid  solution  containinir  the  nicotine 
sulphate  was  placed  in  a  Kjeldahl  flask  and  steam-distilled  after  the 
addition  of  35  cc  of  sodium  hj'droxidf^  and  a  few  |)ieces  of  porous  j)late. 


1 


270 


Journal  oj  Agricultural  Research 


Vol.  51,  no  J  '    AuR.  1. 19^5        Studies  on  Nicotine  Content  oJ  Cigarette  Smoke 


271 


The  volume  of  \U{uid  at  this  point  was  ahout  'M)i)  to  400  cc.     In  order 
to  keep  the  vohiine  of  the  solution  from  increasin<.c  the  fhisk  was  heated 
gently.     The  distillate  was  colhu-ted  in  water  aeithhed  with  15  ee  of 
dilute  IICl  (1-4)  until  500  ce  had  distilhul  over.     After  the  distilla- 
tion was  coni|)leted  tlie  nicotine  was  precipitated  with  5  ce  of  12  per- 
cent sihcotunu^stic  acid,  stirred  well,  and  allowed  to  stnnd  overnio-ht 
It  was  then  filtered  thr()u,ij:h  a  wei<j:hed  (looch  crueibh^    heated  in  an 
oven  at  V2r,°C.  for  3  hours,  and  wei-hed.      The  wei<rlit  of  the  pre 
cipitate  multiplied  by  the  factor  0.1012  i^nve  the  weight  of  nicotine 
This  was  divided  by  the  weiidit  of  tobacco  smoked  io^^^vi  the  wei^^ht 
ol  nicotine  secured  from  1  y;  of  tobacco.      ^Fhe  d:ita  icivcm  in  this  paper 
niv  avcrnu'cs  oi  (wo  oi'  mori*  rcsiilN.  ' 


^^a?at'san^^/;|^^;;  0    l^V  S    S'^  ;  ^S^Scn^.l'  ^llf  wUh  constant^  Icn.ih 
.lasj.stoppero.i  .as-ahsorption'tui;;"'!  by  Sinch'  i^'Vo   "c^^'S  r     s'o  Tw  til^  nl;^ 

ir^i  f  »  V      ^       ,?^'"  "'•''^'*''''>"f'"'""- '"fitr)r  oil,  S.   \    K  -M)  to  a  b(>iL''it  of  i- in,.  >,.  •  / 

sio;rs;asii^;^t',;s!,-s;l;;^;;,;;;;r '-- - 'i;^> --ii^  s"  rri 


an 
irol 
:h  p 

/. 

III  o 


i  ^trenKth  of 
to  lioMer;  c-f, 
ulloy;  h,  brass 
.'-liter  suction 

iiirii  Rlass  air- 
\yk'en  tank;  o 


The   experimental   conditions  did 
ci^irarette  smokinv;  conditions. 


not   of  course  duj)Iicate   actual 


NICOTINK    CONTKNT   OF   CIGARETTE    SMOKE    AS    AFFECTED   BY 
THE   MOISTURE  CONTENT  OF  THE  TOBACCO 

fj!\  ^-n'l  ^^^^'''  '''^^  '^"^^''  '^^'^^  ^"''•'^''  ''•'»'"  '''  '"^'i^^t  <'i^i'r-  <'nnl:.iiHHl 
K    ^^      -u    V"  '^<'''^';'"^^'»'>''<'  nicotine  than  smok,>  from  a  drv  ci-ar. 

br   ui.n  h"''-'""?-'^^'  ^^^^  ^"    ^-^"^  ^'''*^^'<'*J   practically  no  dillVrenco 
bctNN(.en  the  nicotine  content  of  the  smoke  of  dry  and  moist  ci-urs. 


Winterstein  and  Aronson  {'20)  i)ublished  results  in  1020  which  differed 
from  the  findin<i:s  of  botli  of  these  workers.  They  state  that  from  a 
dry  cigarette  'M)  |)ercent  more  nicotine  goes  into  the  mouth  of  the 
snicker  than  IVom  a  moist  one.  The  water  content  of  the  dry  to- 
bacco was  4.S  percent  and  that  of  the  moist  tobacco  was  Kko  perc(^nt. 
Wuser  and  StiUili  {:J/f)  and  Molinari  {15}  also  found  more  nicotine 
in  the  smoke  from  dry  cigarettes  than  from  moist  ones.  Results 
which  differed  from  any  yet  reported  were  given  by  Ivovalenko  {I'i) 
in  19;U,  who  stated  that  an  increase  in  the  moisture  content  of  cig- 
arettes from  0  to  1 1  percent  increases  the  nicotiru;  content  of  the  smoke 
but  a  further  increases  in  the  moisture  content  decreases  the  nicotine 


in  the  smoke. 


!':.\i'i';i;i\ii:\'rs 


( 'igarct  t  (■-.  w '-re  >' I  u'cd  for  ,1  pfrmd  of  at  h'a'-t  2  wccis-.  \\\  (!c-icf;i  (<>;  s 
iiaviiiL:'  kri((\\ii  luiiiiidi!  h--;.  Tlic  df^ircd  i-clalivc  hii  Mudi  i  icr-,  were  <•'()- 
I, tilled  Irom  ilic  (iat;i  »»t  \\'il-n?i  iJ7)  on  humidity  nmlro!  by  meativ  df 
sulpliiiric-acid  snliil  joii. 

The  Jiioist  lire  con  tent  of  1  he  ciL'arei  t  es  v/as  del  ermined  i)y  drying  in 
a  vacuum  over  concent ratcnl  sulphuric  acid  for  2  weeks.  The  j)ro- 
cediire  described  in  the  previous  section  was  used  to  determine  the 
nicotine  content  of  tiie  smoke  Irom  these  cigarettes.  Tiui  results  are 
shown  in  table  2. 

Taulk   2. — Xicolinr  ronlcnt  <>J  ciqdrilic  .x///c;/,t  a.s  (ijjvclcd  hij  the  tnoiaturc  content  of 

till    tohdcco 


Moisture  oorilont  of 
cigarette  (percent) 

Nicot  irio 

found  in 

.smoke 

of  dry 

tobacco 

1 
Nicotine     ' 
found  in 
tho  snioko 
as  com- 
pared to 
nicotine 
in  tho 
original 
toh;icco 

Moi.sturt!  content  of 
cit-'ari'tte  (percent) 

Nicotine 
found  in 

.smoko 
I)er  |.'rani 

of  dry 
tobacco 

Nicotine 
fouud  in 
tho  smoke 
as  com- 
pared to 
nicotine 
in  the 
original 
tobacco 

0.0 

Milligrnms 
<».  2 
7.8 
7.3 
0.5 

I'trn  id 
■Vl.  4 
:>,:>.  \) 

X>,.  T) 

;iO.  0 

1 

1 1  10       

Milligrani.H 
rj.7 
r,.  1 
4.6 

Per  cent 

26.3 

3.99 

11. H4..    

23.5 

6.43 

2  J. 41 - 

21.2 

^  22 

1 

These  results  clearly  show  that  an  increase  in  tin*  moisture  content 
of  cigarettes  decreases  the  nicotine  content  of  the  smoke,  ('ontrary 
to  the  findings  of  Kovalenko  (/-i),  the  nicotine  found  in  the  smoke 
does  not  increase  with  the  moistui'c  content  from  *l  to  1  1   percent. 

NICOTINE    CONTENT    OF   CICARETTE    SMOKE    AS    AFFECTED    BY 

THE  STRENCJTH  OF  PUFF 

Bogen  (/)),  W'cnusch  {.!('>),  and  Kovah'iiko  [lo)  all  state  that  th(^ 
nicotine  content  of  cigar(*tte  smoke  increases  with  the  rate  of  smoking. 

EXI'KKIMHNTS 

(■igarel  tes  stored  at  four  dilferent  iiumidilies  were  smoked  under 
conditions  identical  with  those  reported  in  the  |)re\  ioiis  section,  e.xcept 
diat  the  \acuum  used  was  ecpial  to  14  inches  of  water  instend  of  ir>.2r> 
inches.      'I'his  allowed    10  vv  of  air  to  |)ass  through   the  cigarette   at 
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each  puff  instead  of  20  cc  as  in  the  predous  sorios.     The  results  are 
given  in  table  3. 

Table  3. — Nicotine  content  of  cigarette  smoke  as  affected  by  the  strength  of  puff 
cigarettes  of  different  moisture  content  being  used  ^  ' 


Moisture  content  of  cigarette  (percent) 


0.0. 

3.<)'.( 
(j.43 
31.5 


Nicotine  found  in  the 
smoke  per  ^raui  of 
dry  tobacco 


IG  cc  of  air 

puff 


20  cc  of  air 
put! 


}kiilli'jrnrns 
s.  1 
7.0 
G.  G 
2.  3 


Millvirmnx 
U.  2 
7.8 
7.3 


Nicotine  found  in  the 
smoke  as  compared 
to  nicotine  in  the 
original  tobacco 


16  cc  of  air 
putr 

20  cc  of  air 
pufi 

I'ercrut 
37  3 
3L',  3 
30.  4 
10.  G 

I'ercent 

42.4 
3,'i.  '.1 
33.  S 

'  In  thoso  tri.'^l.s  16  cc  of  air  pas.sod  thronp:h  tho  cigrirette  ut  each  puff  instead  of  20  cc  a.s  in  .serio:^  ronortPd 
in  Libie  2.  ' 

The  results  show  that  an  increase  in  the  volume  of  air  ^oing  through 
the  cigarette  at  each  puff  increases  the  amount  of  nicotine  in  the 
smoke.     This  agrees  with  the  hnciings  of  others  {o,  13,  1^6'). 

NICOTINE    CONTENT   OF   CIGARETTE   SMOKE   AS    AFFECTED  BY 

THE  LENGTH  OF  BUTT 

IJeiduschka  and  Muth  {0)  determined  the  amount  of  nicotine  in 
the  smoke  when  four-fifths  of  a  cigarette  was  moked.  Using  a  4- 
second  pufF  at  6-second  intervals,  they  found  an  average  of  0.19  per- 
cent of  the  weight  of  the  cigarettes  as  nicotine  in  the  smoke.  The 
original  nicotine  content  of  the  cigarettes  used  was  1.19  percent. 

EXPERIMENTS 

Cigarettes  of  7-cm  length  with  a  nicotine  content  of  2.17  percent 
and  a  moisture  content  of  11.1  percent  were  smoked  until  butts  of 
1-,  2-,  or  3-cm  lengths  remained.  The  cigarettes  were  given  a  light 
coating  of  paraffin  near  the  end  and  inserted  in  a  warm  glass  tube 
which  was  only  slightly  larger  than  the  cigarettes.  Onlv  the  part  to 
be  ])urned  remained  outside  the  tu])e.  The  paraffin  solidified  on  cool- 
ing, forming  an  air-tight  joint.  'J^ie  cigarettes  were  smoked  until  the 
burning  zone  reached  the  glass  tube.     The  results  are  given  in  table  4. 

Table  ^.— Nicotine  content  of  cigarette  smoke  as  affected  by  the  length  of  butt 


LcQf^th  of  butt  denpth  of  unsriiokcd  cigarettes, 
7  cm)  (centinieter.^j 

Fraction 
uf  ciira- 

rolt« 
.siiiokiMl 

Amount  of 
nicotine  in 
smoke  [)er 
cijjarette 
whcise  dry 

wei^'hl 

equals  1  b' 

iA) 

Nicotine 
found  in 
the  smoke 
as  corn- 
j)ar('<l  to 
nicotine 
111  the 
ori^;inal 
tohucco 

N'icotino  (ui- 
dcn.scd  in  buU 

3 

Stilluirarnx 
1.3 

2.  :> 

3.  S 
5.7 

Percent 
(i.O 

11,:, 

17.5 
26.3 

Percent 

60.1 

,38.6 

21. 3 

0.0 

^ :: 

1 

0 

~~'~ 
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The  percentage  of  nicotine  condensed  in  the  butt  was  calculated 
from  the  difference  between  the  amount  of  nicotine  actually  found 
and  the  nicotine  which  theoretically  should  have  been  found  in  the 

smoke  (^^^- XI 00^. 

The  condensation  of  nicotine  in  the  unburned  tobacco  is  a  very 
important  factor  governing  the  amount  of  the  alkaloid  that  the 
smoker  will  receive.  Under  the  (conditions  of  this  experiment  the 
condensation  amounts  to  GO  percent  of  the  nicotine  which  ordinarily 
appears  in  the  smoke,  when  the  length  of  un})urned  cigarette  is  3  cm 
or  three-sevenths  of  the  original  ])roduct.  With  a  h'ngth  of  butt  of 
1  ('111,  only  '^2  pcrc<»[it  of  the  nicotine  wliicli  ordimnily  apf)ears  in  the 
smoke  was  held  in  the  unburned  portion.  Tlie  ii(-tiial  nnioiinl  of 
mcotine  found  in  the  smoke  of  1  cigarette  burned  to  a  length  of  1  eni 
will  be  approximately  e(iual  to  the  nicotine  found  in  tlie  smoke  ironi 
^cifrarettes  wliose  butts  an*  ;>  cm  in  lenij^tli.      One  <'i</arette  smoked 


to  a  2-cm  i)Utt  will  have  as  much  nicotine  in  its  smoke  as  2  cigarettes 
smoked  to  a  length  of  3  cm.  Although  the  above  exact  relationships 
will  hold  true  only  under  the  conditions  of  this  experiment,  it  is 
apparent  that  the  length  of  butt  is  one  of  the  most  important  factors 
governing  the  nicotine  content  of  cigarette  smoke. 

THE  NICOTINE  CONTENT  OF  THE  "SIDE  STREAM" 

Bogen  (5)  states  that  the  side  stream  ordinarily  constitutes  the 
greater  part  of  the  smoke  as  shown  by  the  carbon-dioxide  content. 
Winters tein  and  Aronson  (28)  measured  the  nicotine  and  reported 
that  43  to  62  percent  of  the  total  nicotine  goes  into  the  side  stream. 

EXPERIMENTS 

Cigarettes  were  placed  in  the  machine  and  smoked  as  usual,  but 
instead  of  allowing  the  side  stream  to  escape,  it  was  trapped  and 
passed  through  four  gas-absorption  tubes.  In  order  to  trap  the  side 
stream  the  burning  cigarette  was  placed  in  a  bulb  with  two  small 
openings  at  opposite  sides.  Through  one  of  these  openings  the 
cigarette  was  placed.  This  opening  had  a  diameter  1  cm  greater 
than  that  of  the  cigarette  holder,  which  allowed  air  to  enter  the  bulb 
at  such  a  rate  that  none  of  the  smoke  was  lost.  The  air  and  smoke 
were  pulled  through  the  other  opening  into  the  gas-absorption  tubes 
by  means  of  a  continuously  running  water  pump. 

The  results  are  given  in  table  5. 

T.uiLK  5. — Nicotine  content  of  the  side  stream  smoke  as   modified  by  the  moisture 

content  of  the  cigarette 


Moistiir.'  c'lrihMit  i)f  ciij:irctto  (percent) 

Main  stre:im 

(iimount  of 

nicotine  u.s 

(■(imparcil  to 

tiie  nicotine 

in  lohaccoj 

Side  slr(!:im 

(amount  of 

nicotine  ;i,s 

(■oni[i;tre(l  to 

the  nicotine 

in  tohatico 

Amount  of 
aicoi  int"  in 

loh  irco 
not  fiiiind 
in  ;-i:;')ki' 

::.i3... 

Ptrcent 

2i\.  3 
1-'.  4 

Per  cent 
31.  S 

2S.  0 

Percent 

41.9 
2\i.Q 

KO 

— - 
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Contrary  to  the  results  of  tlic  study  of  the  relation  between  the 
loisture  eontent  of  the  tobaceo  and  the  anioinit  of  nicotine  in  the 
lain  stream,  the  side  stream  shows  a  decrease  of  nicotine  when  the 
loisture  content  decreases.     This  may  be  partly  ex])lained  by  the  fact 

-i  1 • ii,...      1 >,v....      .-,.:..I.Kr      4lw.»^       ,v,.a:,-4       rA,Ww,  i\^.'].,      t)      -,  n. 


tion  and  less  destruction  ot  tlu^  nicotine.  1  ins  accounts  for  the 
increas(Hl  amounts  of  the  alkaloid  in  the  main  stn^im.  Hut  [\w  rate 
at  which  the  tobacco  burns  when  air  is  not  passiiui;  throimli  tlu^  (hy 
cil^arettc  in;iv  not  be  increased  to  tlic  extent  tliat  it  is  when  ai.r  i^ 
(h'.".\\ii  ihnni'iii  it.  Tlm-^  I  lie  ^Ik  Ml  cik-J  liine  ol  biiriiin'j:  w  i!!  r.-m-,,.  m 
sMi.'iiler  aiiioniil  of  nicoime  lo  he  NmjikI  in  ilu^  side  -stream.  .\  -ladv 
of    llie  eal'btui-dinxidc    eontent   of    llie    (wo  >ti'e;ii!!-  of  ^liioke    .'na!  *' 

leniix'i'a  I  ure  of  the  lonnniL:  /one  !e,i'j,!i!    Iieip  lo  e\|)!ani    ''"■  '' 

facts. 
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SUMALMIV 


A  study  of  metliods  of  determinin<r  nicotine,  apphcable  to  ciican^tte- 
sinoke  solutions,  has  shown  (1)  that  |)yridine  does  not.  iiiterh're  in 
the  preci])itation  of  nicotine  by  sihcotun<i:stic  acid  in  conc(Mit rations 
below  0.02  percent,  and  (2)  that  the  concentration  of  |)yri(hiie  in 
cigarette-smoke  solutions  is  not  high  enougli  to  int(U"fere  with  the  pre- 
cipitation of  nicotine  by  silicotungstic  acid. 

A  machine  is  described  which  will  smoke  cigarettes,  cigars,  or  pij)es 
with  pujfs  of  constant  volume  and  unvarying  length  at  constant 
intervals. 

The  nicotine  content  of  cigarette  smoke  varies  inversely  as  the  mois- 
ture content  of  the  cigarettes. 

The  amount  of  nieotiiu^  in  the  smok(^  is  directly  proportional  to  the 
strength  of  the  ])ulf. 

There  is  a  marked  condensation  of  nicotine  in  the  slnu't  unburned 
portion  of  a  cigarette. 

Under  the  conditions  of  tliese  ex[)eriments  cigarettes  with  a  moisture 
content  of  11.13  percent  contained  more  nicotine  in  tlie  side  stream 
than  in  the  main  strc^im;  cigarettes  with  a  moisture  content  of  U 
contained  less  nicotine  in  the  side  stream  than  in  the  main  stream. 
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THE  DISTRIBUTION  AND  CONDITION  OF  PHOSPHORUS 
IN  THREE  HORIZONS  OF  A  DIFFERENTIALLY  FERTIL- 
IZED HAGERSTOWN  CLAY  LOAM  SOIL  PLANTED  TO 
APPLE  TREES  1  X   MP]TAL  (^YLINDERS  ^ 

H\     VV  AI/IKK   TnOMA.S 

I'rojcssor  of  pltytorlu  i/iistri/,  / '( itnsi/lr(t nid  Atjricidl iiidl  I'^xjxrimcnt  Stdtioft 

INTRODUCTION 

The  \vi"it(M'  has  [■('ccnll  y  reported  (-/?)-'  1  he  (li>l  lihulion  and  eoiKht  ion 
<)[  the  nit  roireii  in  ihe  soil  dniinL:"  an  e.\pei'iin<'nl  w  i  I  h  apph'  trees 
^Tow  n  \i\  metal  cyhinhM-  liu-i  pcfii'd  nf  t'r  yea  |--,  a  n<i  which  reccucd 
;iiiMiiall\  b'f  ilic  Ja-I  :i  \c;i!-  «i|  Lii'owlh  dillVrcnl  (■<  >iiibina  1 1<  mi-  n\ 
sodniiii  niliatr.  nioimca  h'l  inn  ph*>~.pha  !<',  and  p<>Ia--iinii  -nlphale. 
The  <h-l  II  hn  1  M  ui  :in<l  cniKhtion  <*l  the  piio-pln  u  ii-  i-  rcjiorled  in  I  he 
j)iv-elil  paper.  'i'he  pnn<'ipal  n!)|ectl\e  \\  a  -  H*  (h'N'i.Mine  the  iMHuh- 
Iioii  <i|  the  i('-idiial  plin-ph«»iic  acnl  l'()  deii\ed  irnm  |  he  a(hh'd 
iiioiiorah'iniii  phosphate.  !tS.7  and  S7 .'.\  percent  oj  (he  pho--pho|-ic 
arid  was  still  present  in  the  surface  0  to  7  inches  of  the  .\  PK-l  I'eatcMl 
.vlinder.^  nruh'r  sod  and  cull  i\ation,  I'especd  i\('ly,  at  the  end  of  the 
exDerinieni . 

The  ineeharnsin  (»!'  the  ahsoi  pt ion  hy  soils  of  certain  ainoiis  (  phos- 
phate, t:irtrale,  oxalate,  and  eili'ate)  is  eoinparahle  in  cei-tain  respects 
j  to  that  of  cations,  that  is,  it  is  one  of  <'.\chan'j:e  inNoUiiiLr  e<jiiilil)iinin 
'  N.  /^  Id).  'V\w  chai'acterist  ics  of  these  e.xclninL;:*'  reactions  ai'e  that 
they  take  place  in  the  hoinidars'  between  two  phases,  and  that  eonse- 
((iiently  no  distinction  can  he  made  between  absorption,  a(lsoi|)t  ion. 
and  chemical  reaction  in  thi~>  iiit<'rl"ace.  .Ml  siich  reaction^  may  be 
ilcscribed  a--  dispei'se  rea<'tion-<  i'tih. 

The  |)hy-icoc|M'niieal  examination  (d"  the  system  phos|)at<',  h'ri'ic 
liydroxide.  alnmmnm  hydroxide,  calcinm  (and  maiirie^innn  hydroxide 
hy  (laarder  i  .-'Z  )  ha<  thrown  considcrabh'  liuht  on  the  conrs(>  (d  tlu' 
reactions  that  mi  Lib  I  o(  •cm-  under  ->oil  cond  it  ions,  albeit  t  he  expeiinu'tits 
were  in  \iti'o.  i.  e.,  they  Wi'ic  ind  condmded  with  soils  |)i("-enl.  The->e 
<v\perimenl>  <d'  ( laarder  show  that  t  he  >y->tein>  resnlt  iiiLr  depeFid  on  the 
'•oiicent  ration^  of  liy<li'oi:-en,  iron,  alnminnm.  calcinm,  and  maiziie-inin 
lolls  relali\('  to  the  j)ho->|)hate  ions.  \\  lien  the  conditions  are  <\\c\\ 
that  the  concent  lat ion>  of  iron,  alnminnm,  and  calcinm  ai"e  in  <'Xce---. 
ofthat  of  the  phosphate  only  two  narrow  pH  raim'e^  were  ob->er\ cd  at 
which  the  concent  r'at  ions  of  pho-<phale  (  P( ), )  were  more  than  (l.d  1  mi:" 
ix'i'  litei',  \  i/.  at  ;;.!»  to  p.")  and  <>.7  to  TM. 

The  appi'oach  to  the  j)robleni  (d  the  condition  <d  tlu'  re--idiial  phos- 
phate a|)plied  in  the  wiiter'--  cylinder  exjx'i'iment-  ha-<  been  ma<le  by 
'•i-cei'taininii'  the  total  ainonnt  of  phosphoins  pre-.ent  in  the  thice 
iMM'i/ons,  0  to  7,  7  to  LM  ,  and  IM  to  5o  inches.  re--|)e(d  i\  cly,  of  tlu'  soils 
<»f  tln'  lreate<i  and  untreated  cylinder-^.  toLTethei'  with  the  d«d<Minina- 
tioii  of  the  amoimts  extra(ded  from  tlie^e  soils  nnder  -|)ecilied  condi- 
tions b\   solxcTits  ha\inLr  a  wi«le  raiiire  of  pH  \alne--. 

■  lit'r'Oi\rl  f(ir  |iiit>lic  iiiMii  Mir    Is,  I'l,',  ,,  1  -iirij  <>(i(i!ifr  ]'<■',''       l'rMii-\  1\  iiii  I    N-THuli  iir  il    l-Api  i  nmri, 

^'ifi'tM,   'rnllllK'  ll    l',l|i,T   tIM    t,s  ; 

'  Ucfcrt'nc"  !■>  Ml  I'lr  li\   MM  III  tier    it  ilic    ("  i.itci  ifurc  ( 'ilr^i,  p.  .VM\. 


'';iirii  ll  (if  \iTi(iilliir,il  K.-cjrfli. 
\V:i^lijrii.'t(iri,  I  ».  <  '. 


\'nl.  r.I.  ti'i    \ 
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K('\     Iiu      l':i. 
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METHODS  OF  EXPERIMENTATION 

FIELD  I'LAN  OF  THK  CYMNDER  EXTEIIIMENTS 

Tlie  detailed  ])lan  of  this  ex])eriiiieiit  has  a])])eared  in  a  number  of 
pu))lications  {^,  V),  ItO);  only  a  brief  outline,  therefore,  is  neeessary. 

The  soil  used  in  the  eylindei's  is  a  virgin  soil  of  Trenton  forjuatiou 
formed  ])y  the  weatherin^i:  of  lijnestone  (y^^).  Jn  the  present  pa])Gr 
this  soil  is  desi<inate(l  the  "original  soil."  1'he  excavation  was  inado 
on  a  strip  of  land  110  feet  by  11  leet  nc^n-  the  college  (^xpcM'imental 
orchard.  1'he  surface  horizon  is  a  heavy  silt  loaju  and  is  underlain 
by  a  clay  loam  which  })ecom(^s  h(^avi(>i'  in  texture  wilh  (h'})th  (.^4). 
l)uriu<i:  the  cx<'a\ation  the  three  hoi'i/.ons,  \i/,  sui'face  (0  to  7  inches), 
siib-^!ir!':i('('  i7  to  1-1  inclicsi.  nnd  -subsoil  (iM  to  .");;  iucbcsi.  wci'c  kept 
sc[);ir;itc  and  each  pile  was  I  boroiiiiiil  y  mixed.  The  piMM'ethu'c  d! 
lilliuL:'  the  b<»ilej'-i)hite  cybiuhMs.  which  were  .">  frcj.  in  dianielei'  iimi 
5'.  feet  deep,  has  been  |)i'e\  iouslv  deserilxMl   '/?). 

The  trees  were  phiiiled  m  i!h'  spriri<^-  (.f  I'.il'lV  'I'lie  eiiltiiic  s_\:.|,.|i, 
i'onsistinjj,-  of  ureen  iiiauuriuiz-  with  buckwheat  and  \\a'  principally. 
was  uniforju  in  all  the  cylinchMs  until  the  sj)rin,i:  of  WVIX,  at  which 
time  half  the  cylinders  were  see(U'd  with  a  mixture  of  Kentucky 
bbicLrrass  and  timothy.  These  cylinders  are  desiirnat(Ml  "cyliudeis 
under  sod.''  'JMh^  I'cmaininji,'  half  of  the  cylinders  were  kept  under  a 
systejn  of  clean  cultivation.  'I'lu^se  are  desiiinated  "cylindei's  under 
cultivation." 

A  (hstinction  jnust  be  noted  with  res])ect  to  tlu^  additions  of 
])hosphoric  acid  from  192")  until  the  end  of  the  ex])eriment  in  1927. 
I)ui-in<j:   these   last    3   vears  of   the   experijuent    the   c\'linders   under 

<^  ft  I  •. 

cultivation  rec(n\(Ml  2.')  \f  mor(»  phos])horic  acid  than  the  cylinders 
under  so(L  The  r(\ason  for  this  is  that  it  was  then  consi(ler(Ml  neces- 
sarv  to  add  e(nuil  ajuounts  of  oru'anic  mattei*  to  all  the  cvlinders 
und(M'  cultivation.  This  was  accom])lished  ])V  <j;rowini2:  rve  outside  the 
cvlindei's.  For  furthei'  details  the  ])aper  by  Anthon.y  and  Clarke 
(J*,  /).  '2-1 1)  should  ])e  consultcul.  All  trees  were*  allowed  to  ^row 
without  the  addition  of  any  nuiu'ral  fertilizer  until  the  sprin<i;  of 
192"),  at  which  tinu'  dilfiu'cMitial  treatment  with  dilferent  combimitiori>^ 
of  sodium  nitrate,  monocalcium  j)hosphate,  and  potassium  sulphate 
was  commenced. 

The  scIhmIuIc  of  apj)lications  of  monocalciujn  ])hosj)hate  is  uiveti 
in  table  1 . 

The  total  amount  of  ])hosphorus  (as  P..()-)  adchnl  durin»r  the  (vxjXMi- 
nuMit  was  l.()r)2.S  \i.  In  addition  to  the  |)hosphorus  carried  in  the 
monocalciujn  ])hos])hate  the  co\  <>r  crops  contributed  approximately 
10  <j:  of  ])hosi)hoiic  acid.  'J'he  fertilizer  was  broadcasted  arul  not 
mixed  with  the  soil. 


T AHI.I      1  .-      Self  (I ul( 


<i\      Vionocdfci  II  HI      plins  jihah       a  ppl i--(il inns      n-illi      phosiilmiW 
jii  nt'i.rnii    i  q  u  '  niU  iil 
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The  total  precipitation  during  the  period  of  the  experiment  \vas 
()4.4  inches  and,  in  addition,  2  inches  of  artificial  watering-  was  ai)plied 
ill  Mav  192('),  and  1  inch  in  Aujiiust  1927. 

Saniples  of  the  soil  of  each  of  the  horizons  wer(^  taken  both  before 
and  after  the  com|)leti()n  of  the  experiment  in  the  manner  previously 
ilescribed  {47).  I)urin<i;  the  pei'iod  from  Septend)er  20  to  2S,  1927, 
the  trees  were  du^^  uj)  and  soil  samples  representative  of  the  three 
horizons  W(M-e  taken,  by  the  method  of  successive  ([uartcM-in^-,  I'rom 
each  of  the  cvlinders  fnun  which  the  tices  had  been  removed.  Thes(^ 
saini)les  were  dried  at  77)^  (\  and  then  sieved  throu.^•h  a  l-nnn  sieve 
(!;i  and  stored  in  li'lass  jais  in  th(>  dark.  Analyses  of  the  trees  have 
ah'cadv  been  reported  (.'f'! ). 


\{t  <  ii,  \'ri(  i\  i:\  IMK!  M  i:^ 

(  '  !  |(  )|  I    I      I  H      S(  >l,  \   !    NTS 


rs 


Tlie  -<'1\  cul  p(»wer->  nf  a  pariieidar  acid,  bariini;-  r<'\  cr-e  nr  --ccc  .iida  r\ 
,,,;,, ■Hon-,  are  related  not  only  to  the  extent  <tf  di--ori;i  t  i(Ui  of  i  lie  ^al  t  s 
i,,[-i,,(Ml   and   to  the  dissociation  coir^tant    of  the  aci<l    but    aUo   !<•   tlie 
extent  of   hydi'olvsis   and    to   complex   ion    formation.      M(U-eover,   it 
must  be  boriie  in  mind  that  the  determination  by  the  aid  of  weak  acids 

f   ,]\,.,]   ''..,•.,;). ,})li»"   i)1.ostUuu-*u'  >M'i(l    (l*.()-i   is  not   one  of  disso- 

lution  pure   and   simple   but  is  a   me(dianisni  of  exchanij;e  involviiiij; 

e(iuilibrium  (S,  It).  ,  .  . 

With  resjXH't  to  the  choice  of  solvents  one  mi*,dit,  as  some  investi^ra- 
tors  have  done  (,^  27,  2S),  use  only  one  acid,  e.  <::.,  hydrocldoric  acid 
of  dilferent  concentrations,  thus  providin<::  a  wide  rano:e  ol  pll  values. 
It  was  de<'i(led  to  use  difbu-ent  arids  in  the  present  investi<ration  not 
only  because  the  din'erent  solvents  chosen  provide  a  wide  raiijxe  oi  pll 
values  (0.7  to  7). 5),  but  also  because  they  have  lon^^  been  m  use  by 
other  investigators,  and  thus  permit  a  comparison  of  the  results  ob- 
tained with  those  of  others.  That  fundamental  ddferences  with 
respect  to  their  ability  to  mobilize  ])hosphoric  acid  exist  is  indicated 
hy  the  dilference  in  tlieir  critical  concentrations  {10). 

The  choice  t)f  an  acid  does  not  appear  to  be  altoirether  an  arbitra_iy 
one  for  all  tvpes  of  soils,  as  assumed  by  some  investigators.  Laterite 
soils  whi(di  "are  verv  hiirh  in  iron  oxides  are  decomi)ose(l  by  hydroxy 
acids  with  the  forniatiiui  of  acetone  and  carbon  dioxide  (7),  and  some 
hydroxy  acids,  e.  <:.,  eitric  acid,  apparently  fail  with  certain  types  ol 
cah'aieous  s(uls  (6'),  possibly  as  a  result  of  a  too  irreat  reduction  of  the 
aciditv  bv  the  calcium  carbonate. 

The  majority  of  chemical  determinations  ol  the  availability  ot 
l)hosphate  have  been  carried  out  by  the  "ecpiilibrium "  meth()d. 
The  solvents  used  huve  included  principally  (D  <'ilii<-  «i*'i<^  .''"^^^  ^> 
Dver  (/Jr  CM  the  0.2  normal  nitric  acid  solvent  used  (vxtensively  by 
Fraps  and  his  coworkers  U^',  17)]  iW)  O.l  or  0.2  normal  acetic  acid 
solution  used  in  France  and  (;ermanv;  and  (4)  the  solvent  recently 
proposed  bv  Truoi.'  (^S),  viz,  a  0.002  normal  sulphuric  acid  solution 
buffered  with  ammonium  suli)hate.  Distilled  water  has  been 
favon^d  bv  Schloesiin^  (//O)  and  by  Wrangell   ('^.^  '>J,  •'^. 

ft  *^ 
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Extraction  Pro(^kduhe 

Extraction  niothods  iii  which  the  soil  is  sliaUcn  for  a  (h'iiiiitc  loni^th 
of  time  with  the  solvent,  followed  l)y  filtration,  wasliin<i:,  and  repetition 
of  the  procedure  witli  the  soil  residue,  are  inconvenicMit  and  lahorioiis. 
]\;rcolation  methods  whicli  (j^ive  the  same  kind  of  residts  as  the 
i"ore^oin<^  ])rocedur(^  are  much  more  conv(^nient.  Jn  om^  form  or 
another  this  method  has  been  used  by  many  invest i<i:a tors.  Kecentlv 
Harper  {2f))  lias  described  a  simple  form  of  apparatus  which  has  boon 
furtlier  modified  l)y  tlie  writer,  as  follows: 

A  carbon  tube  is  fitted  witb  a  platinum  cone,  above  wliich  rests  a 
layer  of  filter-paper   |)ulp,    followed    by    a    la\-er'    of    lO-nu'sb    leaclicd 


I'U.ii'.K  I.     Hattory  .if  llie  tM>o  (if  i'('rc(.l;iti<iii  ;ipp;ir;ilns  iiM'cl  in  tln>  extract  im:  pnicciurr 

(|uarl/  sand.  Five  <i:rams  of  tiie  soil  ( moist  ure-fi-ee  basis)  are  then 
added,  <^^ently  eom])act(Ml  by  tap|)inir,  and  a  laver  of  liO-mesli  aci<l- 
wasb(>(l  quart/  sand  is  added.  The  resei'voir  consists  of  a  2r)()-ec  lla^k 
fitted  witb  air  inlet  and  outlet  tube  to  wliieb  is  attached  a  piece  of 
bcavy  walled  rubber  tubin<r  fitted  with  a  screw  eoek.  'Pbis  cock 
shoubl  work  fr<>(>ly  and  be  well  <rrea>ed.  A  battery  of  such  percolation 
Mpparatiis  (fi<r.  1  )  is  vimt  compact  and  ulili/.es  lit'tle  laboratory  sjiacc. 
I'lie  i)rmciple  of  tlie  nietliod  used  i^  one  of  solution  and  di^plaCcnK'Ht . 
an<l  tile  niecjiani^m  i>  similar  to  that  described  bv  Parker  {.I'f  i.  'V\\v 
Mction  of  a  (lijute  acid  «»n  a  soil  i>  not  constant  (.).S),  and  for  thi<  reason 
tile  rate  of  flow  can  b(>  reirnlated  ^iillicientlv  uniformlv  to  iri\e  airnr- 
ment  between  duplicates  by  makin.Lr  sliirbt"  ad  just  ments  of  the  screw 
cock  niormuL:  and  evenin«r.  'Ph<'  extractions  were  made  at  laboratorv 
temperature.  7.")     to  s.")  '   F. 
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DkTKUMI.NATIONI   of   PHOSI'HOKIC    Acil>   IN   THE   1']XTHACT« 

The  four  dilute  acids  used    were   0.1    normal  acetic   (pi I   2.<S),  0.2 
normal  nitric  (pll  0.7),  0.17:^  m>rmal  citric  (pH  2.2),  and  0.002  nornia 
sulpliiin<"    buffered    with    ammonium  sulphate    (pll    i^O).      Distilled 
water  (pU  o.o)  not  freed  from  carbon  dioxide  was  also  used. 

The  determination  of  phos])horus  in  the  distill<Ml  water  and  also  in 
tlie  acetic  and  suli)huric  acid  leachates  was  made  by  the  Deniires 
method  US),  and  in  the  citric  acid  and  nitric  acid  leachates  l)y 
Kichards  and  (iodden's  mo(lificati(»n  (J?)  of  the  IVmberton-NeumaTin 
method  (.)-),  ,ir,).  In  tlie  latter  ])roc(Mlure  soluble^  silica  was  i)reviously 
ivnioviMl  bv  dehvdration.  •    i       i 

'PIh'  blu('  color  <»f  tlu'  Deniirc-  melb«Ml  i-  tbe  result  ot  a  |)arl  lal  reduc- 
j„,n  of  -oinr  of  llic  plio^pboHK.l.x  b.lMh'  Witbin  .-■rtain  liiinN  tlic 
,.ol<.r  1-  pi-oporlionai  !<•  llo'  .•oriccn!  rn  I  lon  of  pbo-pliorn^  m  tli.;  -solution 
'n„.  uH'tliod  1-  \ci\  MMi^itivc:  nooi  m--  pho^phonc  acid  in  Hid  .•<• 
...lulion  .•an  ca^ds  be  <lclcctcd  and  (-hiiialcd  'Idic  ii  t<M  a  t  uiv  rcla  I  imj 
\,,  |1„.  inrlhod  li'n-  been  I  I  loinu-!  d  V  ivM.'Wcd  b\  /ili/aii/.c  •'-  -  ^^  li" 
ha.  dcNclop.Ml  a   Ic.dmic  wlicivby    llic   bha-  coim    i~  ^l.al.lr  o\ci    a   Nmil' 

])erio<l. 

KXPKRIMKNTAL  DATA 


Ihe  (piantitie^  m  |)aris  per  mniion  ami  ab^^tiuo 
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phosphoric  acid  in  tbe  different  soil  liorizons  are  ^nveii  m  table  .. 
The  results  are  tbe  mean  (.f  du|)licate  determinations  ol  total  plios- 
phoric  acid  (.)'),  winch  dilfered  by  less  than  O.OOo  percent.  I  he  re- 
sult^ of  (be  percolation  experiments  with  water,  sulphuric,  a.-etic, 
citric,  and  nitric  a<-i<ls  are  -iven  in  table  M.  M1ic  volume  ot  each 
Icachate  in  all  cases  wa^  200  rr. 

T\lUK   '^        r<irh   i»r  nn'nion  nu>l  uhsolutc  amoiinls  of  tnhd   phus j,h,Hic  acid  in  Iht 
rr^^nrdin:  horizons  b, for,   thr  tras  ,r,re  plnnh.l  and  at  the  tnd  oJ  Ihr.  txpirumnl 
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DISCUSSION  AND  INTERPRETATION  OF  RESULTS 

,'YTFNT  OF  AND   DIFFEllENC^ES  IN  THE   I  )()\VN\VAIII )   MOVEMENT  OF  IMlOSI'HORUs 
"in     THE     TWO    (UILTUKE     SYSTEMS     AS     DETEKMINED     liV    TOTAL    IMIOSPHOKUS 
C'ONTENT 

The  weights  of  each  of  the  tliirc  soil  lioii/ons  aro:  Surface  1,21)0 
pounds,  subsui'faco  2,(')00  i)oim(ls,  and  subsoil  5/.);U)  pounds.  The 
absolute  amounts  of  phosphoric  acid  can,  therefore,  be  calculated. 
Th(\v  are  shown  in  table  2. 

Tlie  absolute  ajnounts  of  phosphoric  aciti  in  the  surface  soil  of 
correspondhi<:;ly  treated  cyhiuhM-s  unch'r  the  two  systems  is  very  inucli 
i2:reater  under  sod  than  uiuhM' cultivation,  l>ut  1  he  <'ondition  is  rcvciscd 
in  the  subsui'fa<'c  layci".  'V\w  (piantitics  of  I'oidual  a|)|)hed  phosphoiic 
;ici(l  expected  in  the  >!irl'act'  -oil  at  the  end  of  l!ie  e\  |)erinieii  I  e;ili  Itc 
ap|)i'o\ijnalcl>  ealriihited  from  the  data  of  t;d)le  2  l(»Li"«'lher  with  tlii^ 
known  .'imount-  applic*!  nnd  jib~^<>rb<'d  by  the  t  rec>  li'om  lh(>  .'idded 
])hn'-})hatc  i./^'i.  'I'lic  data  so  ealeMlate<|  indicate  that  ;i  downwind 
jii,)\  t'lnenl  ^^i  pho->phoiii<  into  the  --id)--ii  ilac<'  occuiied  in  mII  the 
cyhnch'rs  uiuhM'  cuhi\  ation  and  that  jio  ino\  ('nieiit  into  t  he  -ub^iirljice 
occurred  uiuh'r  sod.  The  al)sohite  amounts  of  j)hosphoric  acid  which 
moved  hito  the  subsurface  (7  to  21  inches)  hiyer  in  the  cyhnders  unih'r 
c'dtivu^ioii  A\ere-  \  1M\  117  «»••  V\\  .  \\'.\  «'•:  and  V.  \)\)  ii  couivahMit 
to  ll.T)  and  9.5  percent  of  the  amounts  adde<l  in  the  NIMv-  and  1'- 
treated  cylinders. 

The  difference  in  the  behavior  of  the  cylindcMS  under  cidtivaiion 
with  respect  to  phosphorus  movement  as  well  us  with  resjx'ct  to  tho 
movemejit  of  nitro«^en  (^7)  is  interestni^.  For  a  better  undiM-standiiiir 
it  will  be  necessary  to  refer  to  the  distribution  and  condition  of  the 
nitroii:en  in  these  same  cylinders  (//7j.  In  order  to  explain  the 
accretion  of  nitro<j:en  as  nonnitric  nitrosxen  in  tin*  subsoil  (21  to  7):^ 
inches)  under  cidtivation  (no  accretion  of  nitroiren  occuri'cd  inuh'r 
sod),  three  exj)lanations  were  advanced,  viz,  (I)  assimihition  ot 
api)lied  nitric  nitr-ojj:en  by  micro-or<i:anisms,  (2)  ])epti/ation  of  oruaiiic 
nitroiren  by  sodium  nitrat  *  in  the  surface  soil  and  subse(jucnt  move- 
ment into  the  subsoil,  and  (IV)  the  <rreater  root  system  of  the  a|)ple 
trees  imdei-  cultivation  as  compared  with  that  under  sod. 

in  searching  for  an  exphmation  of  this  movement  of  |)hosi)h(»ru> 
(an<l  also  of  nitro<j:en )  in  tlHM'vlinders  under  cultivation  (but  mtt  Iroiii 
under  sod)  the  first  explanation  <j::iven  aboNc  would  a  priori  be  elimi- 
nated. 'J'he  third  explanation  would  account  tor  only  a  fraction  <>1 
\\w  phosphoric  acid  that  moved  into  the  subsurface.  An  additional 
explanation  has  recently  been  sujzjzestcd,  viz,  that  the  li\in^  ;j:ra>» 
roots  themselves  absorbed  and  hehl  enouirh  phosj)horus  as  it  became 
available  to  j-educe  the  amnimt  that  moved  downward  to  a  ncixhirihle 
(piaiitity.  This  would  be  a  consecpicnce  of  ^ncMiter  downward  move- 
ment of  water  under  cultivation  than  under  sod  because  there  w(»ul(l 
l)e  less  transpiration  and.  theifdore,  less  upward  moxcnuMit.  The>e 
i'auses,  no  doubt,  would  be  a  factor  but  a  minor  factor  becMUse  the 
j)hosphoric  acid  content  of  the  irrass  in  the  sod  cylinders  would 
a<'count  for  h^ss  than  oiu^  twenty-fifth  of  the  |)hosplioric  a<'i(l  that 
moved  into  the  subsurface  layer  of  the  cvlindcM's  under  the  cultivation 
system. 

The  second  ex])lanation  above,  viz,  that  of  "  pe])tization  "  by  the 
organic  matter,  remains  to  be  considered.  There  is  suflicient  ex])eri- 
mental  evidence  (^J/y,  JO,  Ml)  to  show  that  colloidally  dispersed  huniie 
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jvids  (formed  by  bacterial  activity)  function  in  making  the  soil 
piiosphoric  acid  more  soluble.  Uamann  GiC)  gives  many  instances 
of  soils  being  impovcu-ished  in  i)hos|)horus  under  such  conditions. 
Dicalcium  phosidiate  ((^iliPO,)  is  relatively  (piickly  decompose(  by 
humic  acids  with  the  formation  of  calcium  humates  and  free  phos- 
nlioric  acid,  the  fat^c  of  which  depends  on  the  amount  of  sescpuoxides 
present  {•U)).  11h'  action  of  the  humic  acids  may  be  exi)ressed  as  a 
"deactivation"  of  the  sescpiioxides  (/^  /O). 

T\w  relative  immobility  of  ])hosphorous  m  the  cyhnders  under  so( 
i.  ill  accord  with  the  results  obtained  in  many  other  long-coiit mucd 
Held  experiments  on  lh(>  heavier  tyi)es  of  sods  U.^  pp.  I  !  /^^- ^z-).  /-'^  >. 
where  little  movenu'Ut  .»f  ai)pri<'d  |)ho^i)hatc-  occurred  below  |)h.w 
,|..p,f,  r\rvy\  where  eeilnni  ^alt^  I  'r  nr^t.MbJe  niMunn-  ^^^  were 
,„l<l,.d        In   orchard-   under  ^..d,    penei  i  ;i  1  ion   oi    pho-ph,Mte^   \u   \u-a\\ 

day  ^<•d-    ni.M\     not    r^rw^    the    IM-I    Mieh        ;^  On    the   other   lialld,    op, 

Ino-^elv  coinpa.'led  -.'lU  eM<h-n<'e  oj  ptH.-ph;,!,.  nio vei nen  1  beh .w  the 
lir-^t    h.oi    hM^    been   oht:.ined      ;/.    ;;.    W  IMio^phom-   ^H'ld  jia-^   noi 

I,,.,,,,  (,„,,„]  ,,,  ,|„.  Irnehate-  Iron,  ly-uprter  experiments  {2;i,  >i1).  in 
prairie  soils  a  gradual  translocation  <'f  phosplioru-  Iroin  the  Mib- 
surfacc  to  the  surhice  horizons  has  been  note<l  U). 

CONDITION  OF  'niK  I'llosi'Ut  »Kl  s 
S(U  UCi;   OI     Till.    i'lloMMIOKl   S    AM)   o  K   Till,    luo\     \M»    Al   CMIM   M    IN     niK 

1 1  ,\<.i;K.-.rou  \  Si. Kii;s 

Frear  and  White  (Hh  in  an  examination  of  the  available  i)hos|)horic 
acid  on  the  grasslands  of  the  dordan  h'rtilizer  ])lots  fouml  only  (U 
p(.iv(>nt  of  the  t(»tal  amount  of  phosphoric  acid  ])ivs(<nt  sobible  by  the 
Dver  metluMl  (one  extraction  (»nlv),  and  observed  that  this  imhcatec 
thV  absence  of  apatite.  The  very  small  amounts  of  idiosphoric  acid 
dissolved  from  the  (wiLnnal  soil  by  all  solvents  (table  :5 )  l)omt  to  the 
absence  of  apatite.  This  is  further  confirnuMl  by  the  mmeralogical 
examinati.ni  (d'  Iloncss  (^^  f<n>fnnte  -.').  Limmute  <M>mprises  two- 
thirds  of  the  a.'cessorv  si)ecies  in  the  fine  sand  fraction  (Ih2  to  0.1  mm) 
of  the  surface  soil,  and  it  is  ])robable  that  the  source  of  pho>phorus  m 
this  soil  is  as  an  impuritv  in  the  limouite  (Ke,(),//Il,()),  known  to 
eontain  admixtures  of  other  elements  imdudmg  i)hosphorus  {■>). 
himonite  has  a  hiirh  'Mixing"  cai)acity  hu"  phosidiorus  (hn. 

Duriii"-  the  woatherinsj:  proc(«sses  aluminum  comi)ounds  are  m  i)ait 
transhu-ivd  into  various  hvdrated  sili.-ates.  The  aluimnum  of  this 
soil  is  derivcMl  from  tlu'  feldspars,  wlii(  h  constitute  about  ;)()i)er(;ent 
of  the  fine-sand  fracli(.n  and  a  large  pr<»portH>n  of  the  silt  fraction. 
Other  sources  of  aluminum  are  th(>  am|)hiboles  and  i)yroxenes  pres(>nt 
as  acces.orv  s|)ecies.  TIkm'c  is  no  evidence  of  the  presence  o  bauxite 
in  Ihissoil'ii;).    The  iron  is  ])ivsent  as  iron  oxides  mostly  as  linK.nite. 

ri:u(  <)i>.\Ti(»\    Data 

The  leachinir  ex|)eriments  were  limited  to  an  examination  of  (\) 
the  ori<dmd  soil  bcd'ore  planting  (the  pi  I  of  wlmh  was  b.S),  (2)  tfie 
checdv  Alinders  under  sod  and  cultivation  (the  pli  of  which  was  h.i... 
and  C.tlO,  respectiv(dy),  CV)  the  NPK  <-ylinders  also  uiuler  sod  and 
cultivation  (the  pH  of  whi(di  was  T). 7)01.  .         ,        ,  ,      • 

The  results  of  the  percolation  experiments  tor  the  three  horizons 
of  tlu^  fore<r<>ing  soils  are  given  in  table  M. 
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r/iospfio/i/s  in  Soil  1*1(1  iilcd to  Aj)ph'  Tins  in  Cylnnhis       \V,\\\ 
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TIh'  action  of  a  dilute  acid  upon  soil  is  not  a  sini|)lc  action  of  attack 

of  an  easily  soluble  phosphate  followed   by  a  inoic  dillicultly  solid)le 

phosphate   (J->,  .i/f),  nor,  indeed,  as  alicady  |)ointed  out,  is  tlie  action 

le  coTicenira  iioii  iM  uu-  ^»'um  m-u  \^  nii  j  » .^j/i »  i   i"  |/ji".-|'ji"i  iv    <n  m  ia\i>  of    ji    dilute    acid    constant     (.)<V).      Kathei"    does    extraction    with    the 

ith  each  successive  extraction,  and  with  all   solvents    tends    toward  dilfeicnt     weak    acids    result     in    a    condition    of    ('(luilihriuni    which 

lilii's  the  initial  partition  of  phosphoric  acid  in  the  ^olid  and  li(piid 


In  the  case  of  those  solviMits  havini!:  a  ])11   \abie  of  '1:1  and  below 
■ntration  of  tlie  solution  witli  j-(*spect  1(»  phosplioric  acid  hil 


the  conc( 


a  cons 


tant   h^vel.      At    the  sta<re  indicated   by   rculuction   to   this  con- 


inoi 


tant  level  there  must   exist   a  ])hosphate  of  >uc.h  low    solubility  that         j      phases.      If    the    amount    of    phosphoric    acid    in    the    licpiid    pi 


tlie  amount  ,iz:<>inij:  into  solution  at  each  extraction  i.>  independent  ol 
the  mass  ])resent  in  the  soil.  But  with  none  of  tlu^  sohcnts  do  the 
amounts  li'oinu:  into  solution  follow  a  loirai'it  liinic  law  of  (h'creineiu 
in  either  tlie  ])hos))]iate-t  reated  or  the  untreate<l  -(til-  a  couse(pieii(c 
of  the  existence   of  more    than   one   phosphate   in    IxUli   -oiU.       in    i||(. 


lase    1: 


sulbu'lentlv  hii.ih  the  solution  will  «^ive  uj)  phosphoric  acid   to  the  soil. 

There  must   exist,  thei'efore,  a  critical  concentration 
tration  is  dilferent    for  dilfei'cnt    acids,  low    for 
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pho-pbate-   of  calciiiiii    from   one   ainUhcr      by    t  rca  I  men  I    ol    -iieli    an 


adsorption    >.uh>trate    a 


a    so 


il    with    dilferent    dilute    acid--,    a-^    -oiiic 


\\r\\'  I-  no  e\  idcllcc  III  llic-e  lab(>ia(ory  e\  pell  IiielllS 
that  the  added  nionocaiciuni  phosphate  lia>  cll'c(ded  any  -iLmilicaiit 
('lian<,^es  in  the  solubility  of  the  native  plios|)]ioru-,  we  can  proceed 
to  asc(M-tain  the  condition  of  the  added  i)liosphate  b\  compariim-  the 
amounts  reniovcHl  ])y  the  diliiU'ent  soiscnts  after  an  e(|Uai  numt)cr 
\('\\)  of  ]eachini2:s,  allowance   beinir  made*  for   the   aiiKMints  extra(d;'d  third  of  the  residual  applied  |)hosphoric  acid   from  the   W'\\  cylindiM' 


iC    d  III  ereliee    I  x 


all    I  iie-e 
llic    dllle 
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tiirators  lia\  ('  at  tempted  to  d 


One    mav,    however,    troiii    the   <lata   (d    lahle   4    conclude    iiiai    one 


from  the  che(d\  cylinder  by  the  respecdisc  ^(»lvents.  'I'he  aiuount 
dissolved  from  the  unh'rtilized  soil  (i.  e.,  the  clu'ck  cylinderi  iiiu-t 
be  taken  into  con'->idei'ation  because  the  (piantities  of  ])ho-phoric 
acid  HMUoved  by  dilferent  acids  from  tlu'  check  cylin<ler  may  bear 
(as  in  this  exjXMTinent  )  no  constant  relation  to  that  <'xtr'a(de<l  from 
the  fertilized  soil.  'I'Jie  results  for  the  NlMv  cylinder  in  <od  aic 
shown  in  table  4. 
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<     sill  in c(     sill 


II  nf  till   \ri\ 


in  sod  remained  (under  conditions  of  coiitmiiou-^  lea(diin,u)  m  a  condi- 
n  soluble  in  water,  one-third   has  Ixmmi  t  i-ansfoi-med  into  somewhat 


ti«> 


less  soluble  compounds,   and    one-third    (JOO      tb    percent  i    into   \  ery 
(lillicultlv  soluble  compounds. 

The   results  b>r  the  surface  0   to  7   inches  of  the   j)hos|)hate-t  reated 
cvlirnhM-  under  cultivation  are  of  the  sam(>  order  (d'  ma<j:nitude  for  tin 


ilistilled    water    and    sul|)huric-a( 


■id    extra<dion<,    \i/,    •")(>. 4    and     ")").'.> 


percent,    respe(dively.      l^iit    the    |)ercentaL^e   of   the    amount    residual 


cylindiis  ixpnssiil  as  a  pi  ret  ntiuji   nf  lln    rrsiilim  nj  (In    ninnunt  it/'plnil 


l.\  sol) 


~lllv  flit 


1  )l-!lllf(i   U;iti'r. 


(11   \  Meet 


If  ;icHl 


II  IMIJ  N   II  .-( I, 
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11.17  N  cilr 


le  acM 


in  the  surface  lavei'  iim 


ler  cultivation  dissolved  bv  citric  acid  is  only 


iiH.l    c(>mj)ared   with   7»i.d   from    the  corresixmdinLdy   tieated   cylimh'r 
under  sod.      This   a|)parently    anomalous    ivsiilt    will    be    r<'ser\ed    for 


ater  discussion 


44ie  lirst  and  second  di^tilhMl  water  i)ercolates  of  the  suriace  0  to  7 
dies  of  the  treated  cvlinders.  both  in  the  sod  and  in  the  cultivation 


IIK 

sv>tems,   contain    as   miK 


h    as    1 :')..")    and    7.d    |)ercent    of   the    residual 
amounts    a|)|)lied    during;    the    course    of    this   ex|)erimenl.      Thi>    b*i(d 


>iiii:Lr< 


ts  that   the  amounts  added  mav  ha\e  Ix'cn  luoie  than  sidlicient 


to  saturate  the  aluminum  and  ii(m  hydroxides  in  these  surface  layer 

Th(>  (lillicultv  soluble  compounds  into  whi(4i   the  soluble   pli(_»s|)hat( 
lias   in    part    been    transformed   iiiu^t    la 
chemically    pure   bMiic    phosphate.      4'1 


t    bc'cii    transhtrmed   iiiu^t    be  more  dillicultly  soluble   than 


lis    \\\i\\    be    deduced    jroiii    the 


l.\  (  LLllN  Ain>\ 


I)l~till('(j  \v:il»T 


:i  (MIJ  N  11. So, 


'I  17  \  citn 


(•  IICI' 


results  Lriveii  in  table  o,  in  \vhi(4i  are  shown  the  re>ult>  (d"  j)ercolatioii 
experiments  in  whi(4i  <4ieiiiically  pure  ferric  pho-|)hate.  aluminum 
phos|)hate,  and  tricalcium  |)hos|)hat(>  w(Me  ea(di  niix<'d  with  the  oriLTinal 
soil   in    amounts  e<pial    to    the   application   of   |)ho^|)horic   acid    to    the 


,iU. 


5.5. 9 


phosj)hate-t  reated     cylindeis.      Table     o     L^ve^     the     percent  a-e-     ( 


phosphoric  acid  rem(t\<M 


I  bv  the  dilferent  -olveiit 
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Table   5 -"Phosphoric  acid   iJVh'^   rrmornl  by  the  percolation    method  from  c.   p 
ferric  phosphate,  c.  p.  aluminum  phosphate,  and  c   p.  calcium  phosphate  mixed 


\rith  the  '"oriqinal"  ■•^oH 
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'I1ir  i-f-iill-  Miv  -imilni'  t«»  llm-c  <  thl  ;iiii<Mi  1)y  llcck  ^  !(')  .Mild  :\]<n  nic 
II,  -M-i-iM^l  willi  (i;i;ild('r"-  scliciiic  i//*  K."l:iti\«'  l<>  llu'  roiiimciil 
<:i\tMM>ii  pMUV  :;:'.;'.,  H  mi;i>  he  .'iddcd  tliMt  ihr  nc:iiv-t  iiiloi'iiinlioii  lliMt 
r.Mii  Ix'  chlnincd  with  iv-jxm'I  h.  t!ir  piopml  khi-  (.f  liic  mhkhi^  pli.»^- 
phutcs  (^\i>tiIl,^•  in  llir  pliosphnlc-l  rented  cyliiidci-  i-  lliioiiLih  ;i  <<>iii- 
])aris()ii  ol"  the  data  of  tahh^  .">  with  tliosc  of  ta!)lr  4. 

<j,,\  nri'iov  OK   Tin-  I'lKKiMiiiin^  i\    riii;  i.ou  i:k  mn{izn\s 

Xeitlior  \\i\\cv  nor  0.002  X  sid|)lniri('  acid  leacdicd  out  any  plios- 
I)lion(',  acid  from  ihc  oriirinal  soil.  Tlic  native  pliospliorus  of  tlicsc 
soils  is,  therefore,  not  sohi])le  in  these  solvents.  (Mtric  acid  removed 
somewhat  more  than  nitric  acid  from  the  lower  layers  of  the  oriirinal 
soil. 

Percolation  with  watei"  also  removed  only  minute  (piantitie^  from 
the  lower  horizons  of  the  phos|)hate-t reated  (and  the  untreated) 
cylinders.  ()n(»-percent  citric  jicid  has  dissolved  <i;reatei'  (piantities  of 
phosphoric  acid  than  0.2  \  nitri<'  acid. 

The  condition  of  the  phosphoric  acid  that  moved  from  (he  surface 
soil  into  the  suhsurfaco  of  the  phosj)hate-t reated  cylinder  under  cul- 
tivation is  easily  traced.  Water  nMunved  niuie  of  it  ;  Truo^'s  solvent 
dissolved  approximately  20  i)ei-cent  and  citric  acid  about  SO  perctMit 
of  it. 

KFFECT  OF  Till",  (;U()\\  TH   OFTUKFSON   'lili:   SOl.l    HIMrV    OF  Till.    \Ari\K    I' 1 1  ( )>  F  I  K  i  U  F  S 

More  ])hosphoric  acid  was  dissolved  from  the  surface  soil  of  the 
check  cylinders  than  from  the  oi'i<rinal  soil  by  all  solvents.  The 
increase  is  very  marked  with  citric  and  also  with  nitric  acid;  the  r<'la- 
tive  increases  are  r)1.2  and  .■),■). 4  <j:,  respect iv(4y,  for  the  <'ylind(M-  under 
sod  Inasnmch  as  these  increments  ai(*  much  Lri-eatei"  than  the 
anioimts  of  phos|)horic  acid  cont I'ihuled  in  the  cover  croj)s  (p.  ;V22i. 
the  native  pliospliorus  of  the  soil  must  have  IxM^n  made  moic  soluble 
durinir  the  <:i*owth  of  the  tr(U's. 

Tin:     (»K<.A\H       FII<i.--l'll()KFS 

A  number  of  mc^thods  have  been  |)i()pose(l  foi'  deterniininir  (he 
organic  phosplu  rus  of  sr)ils,  but  none  has  yet  met  the  criteria  oi 
validity  indicate  (l])y  Krear  and  White  {JU)'u\  1011.  In  these  cylinder 
experiments  the  or^ranic  phosphorus  of  even  the  phos|)hate-t  I'eated 
plots  under  cultivation    as   determined    by   Schollenbei'<j:ei's    method 
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(4/)  repres(Mite(l  only  about  1  pcM-cent  of  that  applied  as  monocalcium 
phosphate.  'J^'iie  organic  phosphorus  is,  therefore,  relatively  insi<j:nifi- 
cant  as  compared  to  the  amount  of  ph()Sf)horic  acid  a[)plied. 

TlIK  "FIXIN(;"  ('AI'ACITY  OF  SOlFS 

The  writer  has  detcM-jnined  the  lixin<^  ca])acity  of  the  oripnal  IIa<j:(Ms- 
town  soil  by  many  of  the  dilferent  Jiiethods  pro])os{ul  to  determine 
this  ])ro])ei-ty  {In,  Kl,  IS,  2n).  It  is  unnecessarv,  however,  to  record 
the  results,  inasmuch  as  no  additional  infoi'jmition  was  secured 
beyond  that  already  I'ecoi-ded  a  fact  which  h^nds  further  support  to 
the  sii<j,u(^st  ion  ( [).  '.V.V.\)  that  the  amounts  of  ])hosphate  ap})lied  diirin*: 
the  course  of  this  <'\perim(Mit  were  more  than  Miflicieni  to  saturate 
the  iron  .-ind  .•iliiiiiinuiii  hydroxides.  The  li\in'_i-  capacitv  of  .in\' 
(•lie  soil  t  \  p<'  1-^,  MS  already  indicalfMl,  m  r<'lali\('  and  not  mm  Mi)<oliitc 
proper!  \  :  the  aiiioimt  rrlained  is  coiidi  t  ioikmI  not  onl\  b\  the  cdn- 
(M'lit  rat  ion  ol  ihe  ph(»sphate  ions  and  lln'  (Minrcnl  im  t  ion  with  icspcci 
to  ot  I  MM'  elements,  cspcM'iMlly  t  liose  oj  li  \  ( IfoLK'H ,  mI  ic;i ,  iron ,  mIu  inimi  in , 
calcium,  and  mauriesium  \!>,.),^),  but  also  by  tfunperature  and  by  time 
(/J,  .Hi,  ')()).  The  results  for  the  same  soil  will,  therefore,  differ 
with  the  la])()ratorv  procedure  with  respect  to  the  latter  factors.      If 

lilv.    li.viii^   I  (ip.H  11  _^    «'i    viiiit  It   111,  oOix    i^y  jn  o  in   i<»    im     «  «Miij'<tii  *i,    iln'  iiu'iia<«l 

described  ])y  T)emolon  and  Bai])ier  (Ul)  should  receive  the  attention 
of  investi<i:ators. 

The  ability  to  fix  ])liosphorus  cannot  Ix*  unrelated  to  the  fonn  of 
the  phosphate.  Wran<i:(41  {^)/)  is  probably  correct  in  maintainin*.,^ 
that  the  concentration  of  the  soil  solution  with  respect  to  ])hosy)hate 
ions  (le])en(ls  to  a  <j:reater  extent  u])on  the  al)sorbin<j:  capacity  of  the 
soil  than  u])on  the  structure  and  composition  of  the  ap])lie(l  [)hos- 
phate,  for  th(^  soil  solution  has,  in  all  cases  examined  by  Wranirell,  a 
(rreater  conc(»nt ration  with  res|)ect  to  1*0,  ions  when  treated  with 
triealcium  phosphate  (and  also  rock  ])h()S])liate)  than  with  jiionocal- 
cium  j)hosphate.  J)eductions,  however,  relative  to  the  availability 
of  ])lios])hates  cannot  be  jiiade  from  such  observations,  for,  althou<ih 
relatively  insoluble  ])hos])hates  are  lixed  moi-e  slowly  than  \\\v  mor(^ 
soluble  phosphates,  they  ai'e  less  ellicient  in  su[)])lyiniz:  aA  ailable  ])hos- 
pliorus  to  {)lants  (e>'/y)  a  conse(pi(»nce  aj)])ai-ently  of  solid  ])hase 
feeding. 

SUMMARY 

The  distribution  of  phosphoric  acid  (1\.()-)  in  thref*  horizons  at  the 
conclusion  of  an  ex])erijnent  lastinj^  (i'..  yeais  on  a  Hagerstow  ii  clay 
loam  soil,  contained  in  cylinders  j)lante(l  to  a])])le  trees,  and  treated 
with  different  com])inations  of  sodium  nitrate,  monocalciinn  ])hos- 
phate,  and  ])otassiuin  sul])ha(e,  an'  iriven  in  percentairf*  and  in  absolute 
ajuounts, 

in  all  the  phosphate-treated  cylindeFs  the  total  (i.  e..  absolute  i 
amounts  of  ])hosphonc  acid  of  tlie  surface  soil  was  jzreater  in  the 
(vlinders  under  sod  than  in  those  under  cultivation.  Hut  in  the  sub- 
surface layer  (7  to  21  inches)  the  absolute  amounts  of  phosphoric 
acid  present  were  considerably  smaller  in  the  cylinders  under  sod 
than  in  those  under  cultivation.  The  downward  movement  of  phos- 
phoric acid  into  the  subsurface  layer  in  the  cylinders  under  cultivation 
isecpiivalent  approximat(»ly  to  10])ercent  of  the  phosphoric  acid  added. 
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Tlioro  is  no  ovidonco  of  inoveinent  of  phosphoric  acul  i.i  o  tlie  sub- 
surfHCO  lavor  in  the  cylinder  under  sod  and  none  into  the  subsoil 
C21  to  5H 'inches)  of  the  cylinders  either  under  cultivation  or  under 

"'^An  explanation  advanccnl  is  tliat  the;  dillerences  in  the  inovemeut 
phosi)horus  in  the  two  culture  systems  is  ior  the  most  part  the  result 
of  tiie  iuol)ilizin<.^  effect  of  humic  acids.  i     i  i      ,i 

V  simi)h^  and  compact  percolation  apparatus  is  descrd)ed  by  the 
use  of  which  the  (piantities  of  phosphoric  acul  removed  m  successive 
Uiac-hates  from  the  ori-hial  soil  before  the  trcM's  w(M;e  plan  (mI  and  ui 
the  soils  IVon,  untreated  and  ])hosphale-trealed  cylinders  by  various 
weak   ncid  ^nlveuts  were  obtained.      The   resnlls  <,1    these  extrarl,nn. 

;ir<'  <M'>  joljows:  Til         111 

in  ,1,.'  ph.wnhnte-treated  .•v1iihI(Mx  nt  l.'a^t   one  modenitelv  ^olublr 

plm.plKile  un^  pre-^eut    uliid.  dH-^nlv<-  lu    pnM)"-^it  khi    tn  thr   nin^-.t 
u  in  the  -nil.  ,  i      i        i     .       i 

\,,t    n    mice  n^  phn-plinri,^   ;icld    WMs   jnimd    111    \\w   Irnci  1  .'i  1  r^    InHll   Mll\ 

horizon  of  the  nriirinal  >nil  ..oil  Im^Ioiv  1  ree.  uere  ph.ntr<l)  <"i»l"'';  •> 
distilled  water  (i)ll  .-)..))  or  by  i)Am  norma  Milpliiine  and  ( pi  1  .>.(h. 
Thirt  v-three  i)ercent  of  the  i)hosphoric  acid  applied  to  the  phosphate- 
.  !  .1-  ,  1,,..  ,...  .  .♦;il  .olia>l<.  in  «b<tilh'd  water-  at  the  end  ol  the 
7-vear  experiment.  One-third  remained  m  a  condition  ot  moderate 
solubility  and  one-third  was  eonv(>rted  into  basic  iron  and  alummuui 
comixumds  more  diflicultlv  soluble  than  ferric  ])hosphate. 

There  was  a  eonversion  into  dillicultly  soluble  phos|)hates  ol  tluit 
portion  of  the  applied  phosphoric  acid  that  had  moved  into  the  sub- 
surfa.'c  laver  in  the  cvliuder  under  cultivation.  •     ,         i 

\   marked   increase  was  observed  in   the  availability   ol    the   i)hos- 
ph,»ric  acid  of  the  soil  in  the  check  cylinders  <»ver  that  (»l  the  on^Mual 
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5  Vegetable  Protein  in  Turkey  Rations 

J.  E.  HiiNiKR,  D.  R.  Marbm;,  and  H.  C.  Knandix 

IN   1V29  the  Pennsylvania  Agricultural  Experiment  Station  conducted  a  study 
which    was    reported    in    Bulletin    2M>,    Vced    Om.wmpiuw    '"'\^""'    '" 
Rmu„v    r,nkly<.      Bronze    and    White    Holland    poults    were    fed,    until 
20  weeks  of  age.  an  all-mash  rat.on  contammg   161/,  per  cent  protcm.     rresh 
drinkm,.   wale^  and    1k,ukI   skun    m.lk   were   always   avadable.      Scratch   j^ra  n 
,s  supplud  allcr  the   I'.rds  were   20  weeks  „f  a.ue,     'I  h.s  provuled  the  pouts 

:       ..nsul'cd    dur.n,   ,hc    hrst    ,w.,   weeks   ,o   nuu.au>    a   .u.  d    P"'  -  •;'^ 

.„  ,„  PC,  .cut  I  nun  the  third  to  the  sixteenth  weeks  the  birds  inatn  am  1 
p;  I  level  intake  of  approsiinately  .'n  per  .cut  By  the  twenty  our. 
wc'ck  the  protein  intake  had'  dee  teased  to  approximately  1^  P-"  -"'  '  "  ,  > 
dte  eonsutr  pt.on  of  scratch  gratn.  The  high  pio.e.t>  reciuiremen  s  ol  turk  y 
poults  durin'ij  the  ftrst  weeks  of  their  hves  pointed  to  the  need  lor  lurther  work 
,.Mtb  \'»rioiis  levels  and  sources  of  protein. 

In  19MI  -  five  groups  of  turkeys  were  fed  for  2  i  weeks  as  follows: 

Ciroup    1.      A  2  i  per  cent  protein  mash  during  the  entire  period,  and  with 
access  to  a  sun  porch. 

A  ^i  per  cent  protein  mash  for  the  first  ei^ht  weeks;  a  20 
percent  protein  mash  from  9  to  16  weeks  and  a  161/,  per 
cent  protem  mash  from  17  to  21  weeks,  (.onhned  for  li 
weeks,  with  access  to  a  sunporch. 

The  same  ration  as  Ciroup  2.  C.onfmed  the  first  eight  weeks 
with  access  to  a  sunporch  and  then  placed  on  range  for  the 
duration  of  the  experiment. 

A  20  per  cent  protein  mash  for  1  i  weeks.  Confined  with  ac- 
cess  to   a   sunporch. 

A  161/,  per  cent  protein  mash  for  2  i  weeks.  Confined  with 
access  to  a  sunporch. 


Ciroup   2. 


Ciroup   3. 

Croup    \. 
Croup   '). 


There  was  greater  feed  consumption  in  the  groups  which  received  the  higher 
levels  of  proiem.  Better  growth  during  the  lirst  eight  weeks  was  obtained 
rom  a  2.t  per  cent  level  of  protein.  There  was  little  ditrerenee  m  the  e  icency 
of  the  various  levels  of  protem  studied  as  measured  by  rate  of  growth  afte 
the  poults  were  eight  weeks  of  age.  A  higher  perexntage  of  mortality  oecurred 
in  the  group  receiving  the  H,>/,  per  cent  level  of  protem.  This  study  ,neh- 
cated  that  turkey  poults  reeiuire  a  high  protem  intake  during  the  early  part  ot 

their  li\es.  .        .     ^,  ,     ,,         .  

As  a  result  of  these  investigations  the  Pennsylvania  State  Ca)!  ege  has  recom- 
mended a  mash  containing  2  .  per  cent  protein  for  the  first  eight  weeks  and  a 
mash  containing  20  per  cent  protem  thereafter.     This  mash  should  be  available 
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to  the  turkeys  at  all  times.  Scratch  ^^rain  should  he  supplied  m  hoppers  from 
12  weeks  of  a^e  until  the  birds  are  marketed.  This  schodule  ot  feeding  pro- 
vides definite  protein  reduction  as  the  birds  increase  in  age.  Pou  trymen  have 
adopted  a  high  protein  turkey  ration  quite  generally  and  the  results  have  been 
highly  satisfactory.  It  is  now  generally  accepted  that  for  optimum  growth, 
turkey   rations   should   contain   a   higher   percentage   ot    protein    than   chicken 

rations. 

Object 

Heretofore  turkey  rations  of  high  protein  content  Ikuc  been  secured  by  the 
use  ()!'  liberal  cju.intitics  of  aiuinal  protein  concentrate^.  mkIi  .is  inc.U 
J.ncd  iniik.  ami  (ish  iikm!.  'I'liesc  .iic  c  onip.n.ii  k  cl\  rxjunsix- 
hccn  clcin.uid  l"or  a  studv  of  \egct.iblc  p 
0)st  ol  the  rations  \sithoiit  rcJuuiiL;  their  clhueiuv.  -S.vhc.m  oii  iiicil  .ind  .orn 
.hiicn  niuil  ai-e  lii^h  m  pi(Urin  ..nd  air  pfo,|iucd  in  !,n-c  'lu.intitus.  hi 
nornul  tunes  these  proJiuts  scl!  .U  a  lower  cost  on  the  basis  ot  protein  M.nlent 
than  animal  protein  eoncentrates.  The  value  of  animal  protein  in  poultry 
rations  has  been  shown  by  many  investigators.  The  purpose  in  this  investi- 
g,t,on  W.1S  not  to  eliminate  animal  protein  but  to  supplement  a  portion  ot  it 
with  less  costly  vegetable  protein  concentrates. 

Since  animal  protein  concentrates  carry  considerable  ciuantities  ot  mineral 
matter,  particularly  calcium  and  phosphorus,  it  appeared  desirable  to  .ompc-n- 
sate  the  mineral  loss,  when  vegetable  protein  eoneent rates  were  substitutecb  by 
additions  of  calcium  and  phosphorus  in  the  form  ot  bone  meal,  calcium  car- 
bonate, or  both.  A  basal  ration  of  2i  per  cent  protein,  containing  only  animal 
protein  concentrates,  was  used  as  a  basis  of  comparison.  When  changes  in  the 
basal  ration  were  made,  adjustments  in  the  protein,  caleium  and  phosphorus 
levels  were  made  also  so  that  all  the  rations  were  approximately  equal  in  these 
components. 

Experiments  in  1933 

One  hundred  and  eighty-four  day-old  turkey  poults  of  the  Bronze  and  White 
Holland  varieties,  hatched  July  IS,  19 v^,  were  divided  into  enght  groups  of 
23  poults  each  and  maintained  under  experiment  for  16  weeks.  Eaeh  group 
contained  13  White  Holland  poults  and  10  Bronze  poults.  The  groups  were 
confined  in  a  long  brooder  house  in  pens  identical  in  size,  lighting,  ventila- 
tion, heating,  and  equipment.  Each  pen  was  12  by  20  feet  and  was  equipped 
with  a  screened  sunporch  9  by  10  feet,  the  base  of  which  was  covered  with 
1-inch  mesh  wire  flooring. 

Table  1  shows  the  composition  of  the  various  rations  fed  to  the  eight  groups. 
Table  2  shows,  in  condensed  form,  the  basal  ration  and  the  vegetable  protein 
replacements.  The  rations  contained  approximately  2  »  per  cent  crude  protein. 
Five  years  of  experience  at  The  Pennsylvania  State  (College,  involving  studies 
with  several  thousand  turkeys,  have  led  to  the  conclusion  that  this  protein 
content  is  adequate. 

The  (ecd  was  supplied  as  mash  and  was  available  at  all  times.  Indivitlual 
weights  of  all  birds  were  recorded  bi-weekly.  Records  of  iced  consumption, 
mortality,  and  general  appearance  of  the  poults  were  kept  throughout  the  ex- 
perimental period.  Oyster  shells  and  insoluble  grit  were  before  tlie  birds  at 
all  times.     No  other  supplements  were  (cd. 
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Table  S  shows  the  growth  data  for  each  of  the  eight  groups  of  the   193} 
study  Irom  day  old  toV,  weeks  of  age.     The  results  as  recorded  are  averages 

"tSh^was'Sfaliy  the  same  for  all  groups.     The  birds  receivmg  corn 

Growth  was  esseuiia  y  anima    protein   showed   a   much 

gluten  meal  as  a  ^"b    '"te  foj  P^^  °' J^e  a  p^^^^  ^^^  ^^^^^^      ^^.^ 

:u^::;::     "st/r^li^n^w"  :  ^It  throughout  the  growing  per.od  and 
wa'^^^paticularly  noticeable  when  the  poults  were  10  to  1 2  weeks  of  age. 

Tfble  4    hows  the  feed  consumption  by  grOL.ps  trom  one  day  to     6  weeks. 
ThI'c  tur  s   >re  expressed  m  pou'nds  of  feed  consunx-d  per  WO  b.rds. 
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Table  5  cives  the  mortality  data  for  each  group  by  bi-weekly  periods.  The 
average  mortality  for  all  groups  during  the  1 6-week  per.od  was  20  i  per  cent 
The  highest  mortality  was  in  groups  7  and  8  where  there  was  3(  .1  per  cent 
loss  The  groups  were  too  small,  however,  to  warrant  giving  much  weight  to 
these  mortahty  figures.  The  heaviest  mortahty  occurred  during  the  first  2-week 
period  and  probably  was  not  due  to  the  ration. 
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Experiments  in  1934 

Since  the  results  of  1933  experiments  indicated  that  a  portion  of  the  animal 

protein   in   the  turkey  starter  could   be   replaced   by  soybean   oil   meal   or  corn 

gluten  meal,  it  seemed  advisable  to  repeat  this  experiment  for  a  longer  period 

using  larger  groups.     On  June  12,   193  i,  32S  turkey  poults,  one  week  ol   age, 
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were  divided  into  eight  groups  of  11  poults  each.  Each  group  contained  16 
White  Holland  and  25  Bronze  poults.  The  experiment  was  beguri  when  the 
poults  were  one  week  of  age  in  order  to  eliminate  the  occasional  abnorma 
bird  not  suited  for  experimental  work.  The  housing  conditions  were  identical 
with  those  of  the  experiment  conducted  in  1933.  The  rations  or  the  first  2 
leeks  we^e  the  saml  as  those  used  in  1933  (Table  1).  When  the  poults 
were  12  weeks  of  age,  fish  meal  was  replaced  with  meat  scrap  and  cod  liver  oil 
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was   omitted    from   the    ration,    in   order   to    prevent    the    possibility   ol    a    fishy 
flavor  in  the  flesh,  as  had  been  experienced  in  previous  years. 

Durinq  the  last  12  weeks  of  the  experimental  period,  the  protein  levels  were 
reduced  'since  previous  work  at  this  station  had  shown  that  lower  protein  rations 
may  be\ised  advanta^eousIy  after  the  early  growth  period.  'I  hroughout  the 
remainder  of  the  growing  period,  it  seemed  inadvisable  to  Iced  a  higher  level 
of  protein  than  that  reciuirctl   for  satisfactory  growth. 

During  the  period  H  to  2=)  weeks,  the  composition  ol  the  rations  was 
changed'  (Table  6).      The  deduction  of  animal    protein   concentrates   trom   the 
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basal  ration  and  the  vegetable  protein  replacements  are  shown  in  Table  7. 
During  the  period  13  to  25  weeks  (Tables  6  and  7)  an  all-mash  ration  contain- 
ing 16  per  cent  protein  was  supplied  to  groups  1,  2,  3,  7,  and  S.  (iroup  I  was 
used  as  the  basal  for  these  groups.  Soybean  oil  meal  was  added  to  the  rations 
fed  groups  2  and  3  to  replace  one-third  and  two-thirds  respectively  of  the 
animal  protein  concentrates.  CJroup  1  also  served  as  a  basal  for  groups  7  and  8. 
In  group  7,  one-third  of  the  animal  protein  was  replaced  by  corn  gluten  meal. 
Two-thirds  of  the  animal  protein  was  replaced  by  corn  gluten  meal  in  group  8. 
A  20  per  cent  protein  mash  was  (lxI  to  groups  i.  5,  and  6,  during  the  last  12 
weeks  of  (he  cxpcTimcfit.i!  period,  Inxause  the  adihtion  ol  s,rati.h  gram  ni.ide 
it    nossihic    tor   the   ti.irke\s   to  .id|iist    their   protein    iiitjke. 

The  si-iMtJi  L;r,iiii  suiM^heJ  to  these.-  >.:roiips  was  i,oiiipo->ed  ol  ^^n  |x  r  >.  ent 
eiaekeJ  \ellow  .oiii,  2"^  [XT  eeiit  wheat,  r>  per  ^eiit  oats,  aiul  !(>  per  v  ent 
harle-\.  These  three-  pens  were  pkueJ  on  a  uiash  aiul  si.  rat Ji  gram  ioinl>ina- 
tu)n  m  oiaiei  to  iiieiie  i.  lose  1\  approxiiiiaie  laini  leechng  (.oiulitioiis,  (iioup  1 
ser\etl  as  a  basal  lor  tins  series  of  three  pens  and  groups  ~>  ami  (>  hati  one- 
third  and  two-thirds  respcetnely  ot  their  animal  protein  eoneciUrate  repKued 
by  soybean  oil  meal. 

Sutiicient  calcium  and  phosphorus  were  aelded  to  groups  2,  s,  7,  aiul  S  in  the 
form  of  bone  meal  and  calcium  carbonate  to  maintain  the  same  le\els  of 
calcium  and  phosphorus  in  all  five  groups. 

The  growth  data  for  turkeys  in  the  193  i  experiment  (1  to  25  weeks)  are 
given  in  Table  8.  All  growth  data  were  analyzeel  statistically.  The  results 
show  no  significant  ditferences  among  the  various  groups. 
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Table  9  shows  the  feeel  consumption  from  I  to  2  5  weeks  of  age  for  the 
eight  groups  useel  in  the  19vl  stuely.  In  those  groups  which  received  scratch 
grain,  there  was  a  elelinite  tentleney  to  consume  less  scratch  grain  as  the  per- 
centage ot   \egetable  protein  concentrates  v\  as  increased. 

Table  10  gives  the  mortality  elata  for  each  group.  The  mortality  was  rela- 
tively low  and  apparently  was  not  influenccel  by  the  ration  l\\\.  The  average 
mortality  for  all  groups  from    1    to  25  weeks  of  age  was    10.  i   per  cent. 

In  the  19s  s  studies,  the  birels  which  receiveel  corn  gluten  meal  showed  a 
mueh  superior  finish,  as  e  harae  teri/ed  b\'  the  covering  ol  tlesh  over  the  breast. 
hi    i'Hi,   two  o!»ser\ers   handled   the  birds   at    ,'"i    weeks  ol    aL;e   and    stored    tlieni 


lit'-      '•       (   I  Assn  K  .\  1  ION     Ol      l)l<lss[l>    Tl   KKTVs     Tor      I'lFsillNa,     CoNpTTloN 

laiT    K)    i\l(,irT       (Inoi).     MiDllM.     INmiR 

for  market   condition.      They  were  dassiticd    into  three  grades:    poor,   medium, 
and  gooel   finish    (Table    12). 

Table  13  shows  the  pounds  of  [ll\\  rec|uireel  by  the  various  groups  to  pro- 
duce a  pound  of  gain. 

Discussion  of  Data 

A  study  ot  the  growth  data  obtained  in  the  experiments  of  19s  s  And  19vj 
shows  that  a  portion  ot  the  animal  protein  can  be  replaced  by  soybean  oil 
meal  or  corn  gluten  meal  without  unfavorable  results  on  the  growth  or  con- 
dition ot  the  birds.  In  normal  years,  both  of  these  eonecntrates  sell  for  a 
lower  price,  on  the  basis  of  protein  content,  than  meat  aiul  tish  meals.  Dried 
v.vAk  invariably  sells  at  a  higher  price  than  .uiy  other  protein  eomentrate.  He- 
cause  ot  the  high  biological  value  of  milk  protein  And  the  high  vitamin  (i 
content  ot  milk,  it  was  considered  desirable  that  p.irt  of  the  protein  should  be 
derived    t  rom  this  source  in   all   of  the  experimental    rations,      in   the    19sS   and 
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1934  studies,  it  was  possible  to  replace  50  per  cent  of  the  milk,  n^^at  scraps  or 
fish  meal  with  either  of  the  two  vegetable  proteins  fu^l'^^^;^"^  still  obtain 
h  Phlv  satisfactory  results.  It  was  also  possible  to  rephvce  halt  of  any  two  of 
Eh'ree  r^imal  protein  concentrates  used.  Tables  3  and  S  indicate  satisfactory 
I  owth  where  sufh  changes  were  made.  In  groups  3,  i,  5,  and  7  (Table  2) 
one-half  of  two  of  the  animal  protein  concentrates  used  were  replaced  by  soy- 
bean oil  meal  or  corn  gluten  meal. 
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ScU/fi}^  in  Cost  of  Ratioi/s.  The  objctt  of  this  study  was  to  determine  if  part 
of  the  high-priced  animal  protein  concentrates  could  be  replaced  with  less 
costly  vegetable  protein  concentrates.  Obviously,  the  cost  figures  reported  have 
little  value  because  of  fluctuation  in  (lc^  prices.  Table  1  I  shows  the  differ- 
ence in  price  between  the  protein  concentrates  stiitlied  and  can  be  used  in  cal- 
culating the  sa\ing  in  iced  costs  when  the  various  substitutions  are  made. 
During  1933,  a  saving  of  approximately  S^.'^O  per  ton  could  be  effected. 
Because  of  drought  conditions  and  the  consecjuent  heavy  sale  of  livestock  in 
the  summer  of   193  i,  the  price  of  meat  protein  was  relatively  low  in  compart 
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son  with  \egctable  protein;  this  prcxcntcci  as  large  a  sa\ing  as  was  possible 
in   193v 

During:  the  second  12-v\eek  period  of  the  19 vi  study  only  two  animal  pro- 
tein  supplements  were  used,  fish  meal  being  eliminated  after  tlie  poults  were 
13  weeks  of  age.  Whenever  vegetable  protein  concentrates  were  substituted  for 
part  of  the  animal  protein  concentrates,  they  replaced  either  one-third  or  two- 
thirds  of  the  total  animal  protein  present  in  the  basal  ration.  Tlie  same  pro- 
portionate part  of  each  of  the  two  animal  protein  concentrates  was  replaced  in 
all  instances. 

7\able  12  shows  that  the  highest  percentage  of  birds  in  good  finish  at  25 
weeks  of  age  were  in  those  groups  where  corn  gluten  meal  was  (cd.  Since 
this  was  noted  in  both  1933  and  193  i,  it  is  worthy  of  further  consideration. 
In  193'i,  .scratch  grain  was  fed  to  three  of  the  groups.  The  birds  showed  a 
preference  for  corn  as  long  as  any  remained  in  the  scratch  mixture.  The 
comparati\'ely  large  c|uantities  of  corn  in  the  scratch  grain  did  not  produce 
the  high  finish  that  was  obtained  in  tlie  two  groups  which  received  corn  gluten 
meal   in  an  all-mash  ration. 

One  of  the  greatest  problems  of  the  turkey  grower  is  to  produce  a  well- 
fleshed  carcass  at  marketable  age.  Since  the  improvement  of  fleshing  condi- 
tion was  apparent  in  groups  receiving  corn  gluten  meal  during  both  years  of  the 
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experiment  and  as  early  as  10  weeks  ot  a^^c^  there  .s  a  poss.b.hty  th  t  th.s 
particular  source  of  protem  will  meet  the  rec|u.rements  ot  producers  who  are 
attempting  to  fm.sh  turkey  hro.lers  or  are  interested  ni  marketmg  a  portion 
of  their  turkey  crop  prior  to  the  Thanks^^.v.n.^  season.  I  his  source  ot  protein 
also  offers  possibilities  for  fin.shm^u  latediatched  poults  ,n  order  to  market 
them  during  the  Christmas  season,  when  there  is  always  a  demand  tor  small, 
well-finished  birds. 
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A(.a)rding  to  Meyer  and  Hetler  '  corn  uluten  may  contain  nunh  more  Mta- 
min  A  than  the  corn  from  whieli  the  gluten  is  maile.  It  may  Ik-  possible  that 
the  high  \itamm  A  (.ontent  of  corn  gluten  meal  was  responsible  tor  the  large 
percentage  of  birds  which  was  classified   in  the  highest  grade.      In   further  ex- 
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periments,  corn  gluten  meal  and  soybean  oil  meal  will  be  used  separately  and  in 
combination  with  each  otlier. 

'J'he  pounds  of  teed  recjuired  to  produce  a  pound  of  gain  over  the  entire 
period  is  not  essentially  different  in  any  of  the  groujis  (Table  IS).  Those 
which  received  \egetable  protein  supplements  or  scratch  gram  additions  made 
more  efficient  use  of  their  feed  during  the  last  eight  weeks  of   the  study. 

At  day  old,  ic<j^  either  starting  mash  in  small  chick  size  hoppers. 

At  four  weeks  of  age,  iLC(\  fine  oyster  shell  and  grit  on  top  of  the  mash  in 
th.e  regul.u'  hoppers. 

At  ciL'iit  uccks  of  age,  feed  ())st{r  shell  .md  grit  m  spcci.il  liopjxis  and  keep 
(liein  .i\.iil,il'u  Id  the  hiik<\s  .il  .il!  tinu-.  !((J  (■itiui  !ii!'ke\-  desriopcr  Ikmii 
eiL'lit  w  (  t  ks  to  ii!,itiirif\  .  Il  t  lu  P«)ii1k  .III.  Jc  iiK  J  i.  •  (  ss  *( »  Jii  C'  I  mmiIi  ;_'!iL  -  O' 1 
li\(r  oil  shoiiki  be  lolililiiud  in  tiie  cle\clopci  iiuLsli  uilUl  JO  \^ceks  I'eloie  (lie 
bi  rds  ,!  i  c    to  1  >(.    .Mi.i  I  kcle  d. 

;\!  I  '  \\(iK'<  (it  ,i;'(.  V  (Mitiinic  |(<Jiii;'  till  fiirl.iv  Jixi'ojnr  iii'l  p;o\ide  a 
L;raiii  ho.Miik  oI  .'  paits  ol  ua^ketj  \'el!o\^  o»i!i  .oui  I  part  ol  wiicii  \\\  open 
lioppcrs   until    the   birds   are   inarketeil. 


1.      In  the  mash  which  was  used   as  a  basal   ration   in  this  stud\-  during  the 
period    from    1    to    IS   weeks,   the   protein    from    "^0   per  cent   of    the  dried   milk 


and  'SO  per  cent  of  either  the  iiKat  meal  or  fish  meal  was  satisfactorily  replaced 
by  either  soybean  oil  meal  or  corn  gluten  meal,  when  the  calcuim  and  phos- 
phorus  losses  were  compensated. 

2.  In  the  ration  iniX  from  IS  weeks  to  maturity,  satisfactory  growth  re- 
sults were  obtained  when  one-third  or  two-thirds  of  the  total  animal  protein 
in  the  ration  was  replaced  by  an  ecpial  amount  from  soybean  oil  meal  or  corn 
gluten  meal  when  the  calcium  and  phosphorus  losses  were  compensated. 

3.  Satisfactory  growth  was  obtained  when  vegetable  protein  concentrates 
were  substituted  for  a  part  of  the  animal  protein  concentrates  in  the  starting 
and  de\eloping  mashes. 

'i.  I-ourteen  per  cent  soybean  oil  meal  or  12.^  per  cent  corn  gluten  meal 
may  replace  ecjuivalent  amounts  of  animal  protein  in  the  2  i  per  cent  turkey 
starter. 

5.      Cx)rn  gluten  meal  produced  a  superior  fleshing  condition. 
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ONE   FIGURE 

(Received  for  pu])lication  April  22,  1935) 

Hess  ('23)  found  egg  yolk  to  be  one  of  the  few  important 
natural  sources  of  vitamin  D.  Later,  Hughes,  Payne,  Titus, 
and  Moore  ( '25)  conducted  an  investigation  in  which  they  fed 
egg  yolks  of  know^l  source  to  young  chicks.  These  authors 
came  to  the  conclusion  that  the  vitamin  D  content  of  the  egg 
depends  on  the  diet  of  the  hen,  as  well  as  on  the  light  to  which 
she  is  exposed.  Bethke,  Kennard,  and  Sassaman  ('27)  found 
that  eggs  from  range  hens  which  received  direct  sunlight  were 
ten  times  as  potent,  antirachitically,  as  eggs  produced  by  hens 
receiving  the  same  basal  diet,  but  which  were  confined  indoors 
where  they  received  only  light  that  had  been  filtered  through 
glass.  These  authors  also  found  that  2  per  cent  of  cod  liver 
oil,  when  added  to  the  basal  diet,  induced  storage  of  five  times 
as  much  vitamin  D  in  the  egg  as  did  the  basal  diet  alone  or 
the  basal  diet  supplemented  by  alfalfa  ad  libitum. 

The  investigations  of  DeVaney,  Munsell,  and  Titus  ('33) 
are  the  most  recent  reported  in  the  available  literature  on 
this  subject.     These  investigators  made  biological  assays  on 

^  Wo  wish  to  exi)ross  our  indebtedness  to  the  National  Oil  Products  Company, 
Harrison,  New  Jersey,  for  financial  assistance  in  carrying  out  this  investigation. 

'  Publication  authorized  by  the  director  of  the  Pennsylvania  Agricultural  Ex- 
periment Station  Ai)ril  10,  PJ.'^f),  as  technical  paper  no.  C8G. 
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egg  Jo\ks  produced  under  controlled  conditions,  using  young 
rats  as  the  experimental  animals.  The  technic  employed  is 
quite  comparable  to  that  in  use  at  the  present  time.  These 
investigators  concluded  that  vitamin  D  from  cod  liver  oil  is 
more  efficiently  stored  in  the  egg  yolk  than  is  vitamin  I)  from 
an  e(iuivalent  amount  of  viostcrol,  and  that  the  vitamin  1) 
potency  of  egg  yolk  can  be  increased  within  certain  limits  by 
increasing  the  vitamin  D  intake  of  the  hen. 

Unfortunately,  the  data  obtained  in  the  invesliu-at ions  rr^ 
ported  above  cannot  be  compared  on  the  basis  of  actual  vita- 
min D  unitage,  owing  to  variations  in  the  biological  technic 
employerl.  It  seemed  desirable,  therefore,  that  further  ef- 
forts should  be  made  toward  securing  additional  information 
concerning  the  antirachitic  potency  of  eggs  produced  under 
carefullv  controlled  conditions.  Since  an  investigation  w^as 
already  in  progress  at  this  institution  which  offered  the  op- 
portunity of  obtaining  the  eggs  for  such  a  study,  it  was  highly 
desirable  that  an  investigation  be  carried  out  at  this  time. 

With  the  above  facts  in  mind,  the  studies  herein  reported 
were  initiated  to  determine  the  antirachitic  potency  of  eggs 
produced  by  groups  of  hens  which  received  diets  varying  only 
in  their  antirachitic  potency. 

EXPERIMENTAL 

The  eggs  used  in  these  studies  w^ere  obtained  from  groups 
of  hens  which  w^ere  being  used  in  a  series  of  nutritional 
studies  in  the  department  of  poultry  husbandry.  These  birds 
were  denied  access  to  sunlight  and  were  maintained  on  a 
rachitogenic  basal  all-mash  ration  which  \vas  supplemented 
bv  varvinj^  amounts  of  vitamin  D  in  the  form  of  fortified 
cod  liver  oil,  viz.  (8D).^  Further  information  concerning  the 
above  investigation  has  been  published  elsewhere  (Murphy, 
Hunter,  and  Knandel,  '34). 

The  collection  and  the  sampling  of  the  eggs,  and  the  prepa- 
ration of  the  Q^g  yolk  samples  were  carried  out  in  the  follow- 
ing manner:    The  eggs  w^ere  collected  daily,  weighed,  labeled, 

*  This   cod    livor   oil   contained    100    Steenbock    vitamin    I)    units    per    gram,    or 
approximately  8D  potency. 
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and  stored  in  a  cool  dark  place  until  the  end  of  the  collection 
period.  A  complete  record  was  kept  for  each  bird  in  each 
of  the  several  groups,  in  order  that  only  representative  eggs 
of  each  respective  group  mi^ht  be  used  in  making  up  the 
composite  sample  of  yolks  foi*  })iologic{d  assay.  An  effort 
was  made  to  ])repare  composite  sanii)lcs  of  yolks,  whicli  rcpru- 
sentcd  an  <'(pial  number  of  eggs  obtaiinMi  from  the  same 
number  ol'  birds  in  each  of  the  respective  i^-roups. 

Since  onlv  the  volks  of  the  e<;-i;*s  were  to  be  used  in  the 
biolo.<;*ical  assays,  the  e,i»<^s  were  broken  and  tiie  yolks  and 
the  whites  were  carefully  separated  by  hand.  The  selected 
yolks  from  each  ^Touy)  of  birds  w-ere  weighed,  thoroughly 
mixed,  placed  in  sanitary  cardboard  containers,  and  stored  at 
a  temperature  of  -2°  to  -10°F.  until  needed  in  the  feeding 
experiments. 

The  antirachitic  potency  of  these  samples  was  determined 
by  means  of  biological  assay,  using  young  rats  as  the  ex- 
perimental animals.  The  rats  used  w^ere  produced  in  our  own 
stock  colony,  and  wx»re  21  days  of  age  and  w^eighed  approxi- 
mately 40  gm.  each  when  placed  on  experiment.  These  ani- 
mals were  kept  in  individual  metal  cages  which  wxre  provided 
w^ith  raised  screen  bottoms  and  which  wxre  housed  in  a 
darkened  room,  from  which  all  daylight  was  excluded.  At  the 
beginning  of  the  experiment  the  rats  were  distributed  among 
the  several  groups  so  as  to  eliminate  possible  variations  that 
might  arise  as  a  result  of  litter  or  sex  differences.  Fresh 
distilled  water  and  an  ample  supply  of  the  Steenbock  rachito- 
genic diet  no.  2965  w^as  kept  before  each  animal  at  all  times. 
After  having  received  the  rachitogenic  diet  for  a  period  of 
18  davs,  the  test  animals  were  found  to  manifest  sufficientlv 
severe  rickets  for  assay  purposes.  In  each  case  the  de^iv^e 
of  rickets  manifested  was  verified  by  means  of  x-ray  photo- 
graphs. 

In  the  first  part  of  the  investigation,  the  e<>*g  yolks  to  be 
tested  WQTQ  incorporated  directly  w^ith  a  known  weight  of 
the  antirachitic  diet.  It  was  found  in  subsequent  assays,  how- 
ever, that  more  consistent  results  could  l)e  obtained  by  feed- 
ing the  yolk  separately,  in  three  ecpial  portions,  on  the  first. 
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third,  and  seventh  day  of  the  curative  period;  consequently 
the  latter  procedure  was  adopted.  In  this  procedure,  the  de- 
sired quantity  of  yolk  was  weighed  directly  into  the  small 
glazed  receptacle  in  which  it  was  fed.  In  a  few  cases  where 
the  quantity  was  too  small  to  be  weighed  conveniently,  an 
eiTir  volk-basal  mixture  was  prepared  in  the  ratio  of  1  : ;")  or 
1:  10,  as  conditions  necessitated.  The  amount  of  the  mixture 
which  contained  the  desired  amount  of  yolk  was  then  weighed 
in  three  ])ortions  and  fed  in  the  usual  manner. 

During  the  10-day  curative  period,  the  animals  were 
weighed  on  the  first,  third,  seventh,  and  tenth  day.  On  the 
tenth  dav  the  animals  were  asrain  x-raved,  killed,  and  *line 
tested'  in  the  usual  manner. 

The  biological  assays  consisted  of  three  parts,  which  were 
as  follows : 

a.  Samples  of  egg  yolks,  obtained  during  the  fall  of  1933 
from  nine  groups  of  yearling  hens  (hatched  April,  1932)  that 
were  nearing  the  end  of  their  first  season  of  egg  production, 
were  assayed  biologically  in  the  above  manner. 

b.  In  order  to  obtain  data  concerning  the  effect  of  the 
period  of  egg  production  on  the  ability  of  the  hen  to  transfer 
antirachitic  potency  from  the  diet  to  the  egg,  a  second  series 
of  biological  assays  was  conducted.  The  egg  yolks  used  in 
this  series  were  obtained  during  the  spring  of  1934  from  eight 
groups  of  pullets  (hatched  November,  1933),  which  were  re- 
ceiving dietaries  similar  to  those  reported  above,  but  which 
were  just  beginning  their  first  season  of  egg  production. 

c.  A  third  series  of  biological  assays  was  made  using  egg 
yolks  from  three  groups  of  yearling  hens.  One  grouj)  received 
an  optimum  level  of  fortified  cod  liver  oil,  and  the  other  two 
groups  received  excessive  quantities  of  vitamin  D  in  the  form 
of  fortified  cod  liver  oil  and  viosterol  (in  corn  oil),  respec- 
tively. 

The  data  obtained  in  this  investigation  are  presented  in 
condensed  form  in  the  following  tables  and  figure  (tables  1 
to  3  and  fig.  1). 
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In  the  case  of  the  fall  series,  the  sampling  of  eggs  was 
begun  on  September  5th,  and  continued  until  September  15th. 
Since  the  hens  used  in  this  series  were  approaching  the  end 
of  a  season  of  egg  production,  the  egg  yield  was  irregular. 
This  was  especially  true  of  those  grou[)s  of  ])irds  which  re- 
ceived less  than  the  optimum  anionnt  of  cod  liver  oil,  and 
which  were  not  allowi'd  access  to  I'an.i^'e.  it  was  thought  de- 
sirable that  each  sam])ie  be  composed  of  a  conii)aiat  ivel  v 
lari^-e  nnniber  ol*  e,i^-,i;'  \-olks  to  insur<'  a  rcpi'c^cntat  ixc  sample 
and  to  have  suHicient  matei'ial  for  feedin^^  experiments,  it 
was  planned,  therefore,  to  use  the  yolks  from  3  dozen  eggs  in 
each  sample,  except  in  the  cases  of  groui)s  IV,  VI,  and  VIII. 
Samples  from  these  groups  were  to  contain  the  yolks  from 
a  larger  number  of  eggs,  as  these  samples  were  to  be  used 
in  the  preliminary  (trial)  assays.  However,  as  may  be 
observed  from  table  1,  such  a  systematic  method  of  sampling 
was  impossible  owing  to  the  fact  that  the  hens  comprising 
groups  II  and  III  produced  so  few  eggs. 

Table  1  also  presents  a  summary  of  the  results  of  the 
biological  assays  made  of  the  nine  samples  of  egg  yolks  pro- 
duced by  the  respective  groups  of  hens  comprising  the  fall 
series.  The  percentage  of  positive  line  tests  was  computed 
on  the  basis  of  the  number  of  animals  wliich  responded 
normally  during  the  test  period  and  which  gave  a  two  plus 
(2+)''  healing  when  line  tested.  When  fJO  per  cent  or  more 
of  the  test  animals  showed  a  (2-|-)  line  test,  after  being  fed 
a  definite  amount  of  the  egg  yolk,  this  amount  of  yolk  was 
considered  the  critical  level. 

In  the  preliminary  feeding  technic,  as  has  been  ])reviously 
stated,  the  weighed  quantities  of  yolk  were  mixed  with  a 
known  weight  of  the  antirachitic  diet  and  fed  in  this  nuinner. 
Owing  to  the  fact  that  some  of  the  test  animals  used  in  the 
earlier  studies  died  during  the  10-day  curative  period,  du(^ 
in  all  ]^robability  to  the  i)artial   decomposition   of  the  yolk 

*  An  animal  was  ratccl  as  sliowiiif,'  a  (24-)  healing  whtu  tlic  line  test  showed 
a  narrow  continnouH  linear  (Icposit  of  calciuni  salts  on  tin*  metaphyseal  si<le  of 
the  ej)iphy8eal  cartilage. 
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during  the  time  it  remained  in  the  feed  container,  exposed  to 
the  warm  temperature  of  the  laboratory,  the  technic  was 
modified  so  as  to  feed  the  yolk  in  small  allotments,  separately 
of  the  basal  diet. 

TABLE    1 

SJiouinrj  the  results  of  the  bioUxjieal  assays  of  the  samples  of  eoff   i/nlks  produe,d 
h\i   groups   of    mature    hejis   just    before    reaehing    Hie    end   of   a 

period  of  egg  produet'.on 
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The  results  presented  in  the  table  show  that,  in  the  case 
of  the  confined  groups  of  birds,  an  increase  in  the  amount  of 
cod  liver  oil  fed  resulted  in  an  increase  in  the  antirachitic 

TABLE   2 

Showiug  the  results  of  tJte  hiologieal  assays  of  the  samples  of  egg  yolks  produeed 
hi/  gr'OAps  of  pullets  at  the  beginning  of  their  initial  period  of  egg  prodnelwn 
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potency  of  tlie  eggs  ])rodnced.  When  less  than  J  of  1  per  cent 
of  the  fortified  cod  liver  oil  was  fed  (e.g.,  groups  11  and  Jll) 
Q^^g  production  was  so  poor  as  to  make  it  difficult  to  obtain 
representative  samples  of  volks  for  biological  assavs.  In 
fact  the  results  indicate  that  Mr,  of  1  [)er  cent  of  the  cod  liver 
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oil  was  not  better  than  Vs'i  of  1  per  cent,  in  increasing  the 
antirachitic  potency  of  the  egg  yolks.  It  was  interesting  to 
note,  however,  that  range  hens  which  received  no  cod  liver 
oil,  but  had  access  to  sunlight  (group  IX)  produced  eggs  equal 
in  antirachitic  potency  to  those  produced  by  confined  hens 
receiving  the  same  diet  sni)plemented  with  ^nj  of  1  per  cent 
of  cod  liver  oil  (group  V).     An  addition  of  i  of  1  per  cent 
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Fig.  1  Sho^ving  graphically  the  relationship  between  the  percentage  of  fortified 
cod  liver  oil  (8D)  fed  and  the  antirachitic  potency  of  the  eggs  produced  by  the 
various  groups  of  hens  used  in  this  investigation. 

of  cod  liver  oil  to  the  diet  of  the  range  hens  resulted  in  the 
production  of  eggs  having  approximately  six  times  as  much 
antirachitic  potency  as  those  [produced  by  range  hens  receiv- 
ing no  cod  liver  oil  (groups  IX  and  X). 

The  relationship  between  the  amounts  of  cod  liver  oil  fed 
and  the  antirachitic  potency  of  the  eggs  produced  is  presented 
graphically  in  figure  1. 

Table  2  contains  a  summary  of  the  data  obtained  in  the 
second  series  of  experiments.    Since  a  systematic  method  of 
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saini)liii,ii"  was  possible  in  the  case  ol'  tliis  sci'ics,  llic  samples 
coiisisled  of  two  ('U'ns  i'roin  each  ol*  cinJileeii  hens  which  wci'c 
rcpi'csciilal  i\('  ol*  lli<'  I'cspcci  ixc  ui"oiips.  Il  was  ncccssai'N', 
howcx'ci*,  to  cxlcnd  llic  colled  inj^'  jK'i-iod  I'o]-  i^roiip  II,  L*  ad- 
ditional days,  m  oi'dcr  to  ohtam  the  desired  nnnilter  ol'  e^i;s. 
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The  i-esnlts  ol*  the  biological  assays  wei'e,  in  i;('nei"al.  (piite 
comparable  to  the  i-esnits  obtained  tlii-on,Ldi  the  I'all  seiies  of 
assays.  It  is  to  be  n(Hed,  howcsci-,  that  I'oi"  a  L;i\-en  lex'el  ol* 
cod  lixcr  oil  the  |)nllets  at  tin'  bci^inniiiL!  ol*  a  season  ol*  e,uu 
prodndion  pi'odnced  ci^^s  which  wcic  slii^htly  le^s  potent, 
ant  irachit  ically,  than  were  ci^-^s  prodnci'd  by  xcai'lini;'  hens 
at  the  end  ol'  a  season  ol'  pro(lncti<Mi.  \\\\\  in  this  pailicailar 
inx'cst  i,L;at  ion,   it    appeals   that    the   nnmbei"  ol"   ei^us   pi'odnced 
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niiolil  liave  Ix'cii  a  moi'c  iiTipoi'taiit  factor  in  (Ictcriniiiiiii;'  l!iis 
diflVrciicc  ill  i)()t('iicy  than  llie  sta.i^c  of  (\i;\U'  production. 

The  rclatioiishii)  l)ct\vccii  tlic  amount  of  cod  liver  oil  U'd 
and  the  antirachitic  potency  of  the  e^.^s  produced  by  the 
various  ,Liroui>s  of  pullets  couiprisiiio-  the  spriuL-'  sci'ics  is  also 
prcscult'd  urapliicallx    in  tiuui-c  1. 

'riic  Ihii'd  phase  of  the  i  iiN'e-li-al  ion  was  coiicenied  witli 
llie  effect  of  fe<'diuu'  excessixc  (|uanlilie>  (tf  \ilaniin  D  on 
the  antii'acliilic  poleucx  of  the  euu>  pi-o(hieed.  Sunnnaiit-  ol 
the  collecting  and  the  saini)rm,i;-  (►f  the  e.U'.U's  used  in  \\\\>  sei'ies 
ol*  assays  and  of  the  results  of  tlie  l)iolo,i;ical  assays  are  i)re- 

,,4.   .1    ;,.    4.,l,lo    •>         ^r\u>   {]•><•»    <••i^•M^l    in    U\\<    iphlp    WCTc    eOTMuiled 

in  a  niannei-  similar  to  that  described  for  the  other  seiies. 

(\)nsidera])le  difHicnlty  was  exjx'rienced  in  obtainiii,^-  suf- 
ficient (\t'-.ns  to  comprise  a  representative  sami)le  from  the 
<»r()ui)  of  hens  Avliich    received   the   lii.iih    intake   of   \ios1ei-ol. 

^  I 

This  difticulty,  liowever,  was  not  encountei-ed  with  the  uroup 
of  hens  that  received  an  eijuivaleiit  amount  of  vitamin  I)  in 
the  form  of  fortified  cod  liver  oil. 

From  ta])le  .*>  it  may  be  observed  tlnd  when  the  ant  ii'achit  ic 
supplement  was  increased  eitiht fold,  by  the  addition  of  foi'ti- 
lied  cod  liver  oil,  there  resulted  a  fourfold  inci'ea^e  in  the 
antiracliitic  potenc}'  of  the  e,u,i;s  i)ro(luced  (.i»rou|)s  1  and  II). 
When  the  increased  antirachitic  supplement  was  WhI  in  th<' 
form  of  viosterol  (in  corn  oil),  the  antii-achit ic  i)otency  of 
the  ('K.iis  ))ro(luced  was  somewliat  less  than  when  an  e(pii\alent 
unita,n"e  of  cod  liver  oil  was  ['cd. 

Since  the  initiation  of  this  investiuation,  there  have  ap- 
])eared  in  i)rint  the  publications  of  liranion  (''>4),  liiaiiion, 
Drake,  and  Tisdall  ( '.'U,  '-'>')),  which  likewise  concern  the 
vitamin  I)  content  of  e.ii'.^s.  While  the  data  herein  ])resente(l 
do  not  ])erniit  a  dii'cct  com|)arison  with  those  picseiited  by 
the  above  investigators  (due  to  dilTei'ences  in  methods  of 
technic  and  in  mamu'i'  of  ])resent  ini:,"  i"esults),  it  ap|)ears  that 
the  data  do  indicate  a  somewhat  lower  antirachitic  ])otenc\ 
than  mii^ht  have  been  reasonablv  expected  from  the  lindiniis 
of  the  above  invest iuators. 
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A  study  has  been  made  of  the  effect  of  the  vitamin  D  intake 
of  the  hen  on  the  antirachitic  potency  of  the  eggs  produced. 
As  a  result  of  this  investigation,  the  following  conclusions 
are  drawn : 

1.  The  antirachitic  potency  of  {^^^  yolk  depends  on  the 
antiracliitic  intake  of  tlie  hen  producing  it. 

2.  Tlie  ability  of  the  hen  to  transfer  the  antirachitic  factor 
or  factors  from  her  diet  to  the  e^^-  ai)pears  (o  b(^  limited. 

3.  When  the  hen's  diet  is  sup})lemented  with  one-fonrth  per 
cent  of  fortified  (8D)  cod  liver  oil  (which  Murphy,  Hunter, 
and  Knandel  ('34)  found  to  be  the  optimum  level  when  the 
birds  were  confined  and  denied  access  to  direct  sunlight),  1 
gm.  of  the  yolk  from  the  eggs  produced  contained  approxi- 
mately 0.5  Steenbock  unit.  On  this  basis,  an  egg  yolk  weigh- 
ing 15  gm.  would  contain  7.5  Steenbock  units  of  vitamin  D. 

4.  Yearling  hens,  nearing  the  end  of  a  period  of  eG:^  pro- 
duction, produced  egg  yolks  that  w^ere  more  potent  (anti- 
rachitically)  than  did  pullets  at  the  beginning  of  their  initial 
period  of  egg  production.  It  is  suggested  that  this  difference 
in  potency  might  be  due  to  the  rate  of  egg  production  and 
not  to  the  period  of  production. 

5.  At  the  particular  level  studied,  the  antirachitic  potency 
of  cod  liver  oil  appeared  to  be  more  efficiently  transferred 
from  the  diet  to  the  egg  yolk  than  was  an  equal  unitage  of 
viosterol. 


*  ti 


THE   JOUKNAL   OF   NUTRITION,   VOL.    10,    NO.    2 


II 


h'tj'Unt    fiuin    'I'm,    .\mi:hic\.n    i' i;k  i'u.i/.i.k 


132 


«  «  •  1  n  EZi  •  •  • 


178 


N.    B.    GUERRANT    AND    OTHERS 


LITERATURE  CITED 


Bethke,  R.  M,  D.  C.  Kennard  and  H.  L.   Sassaman     1927     Tlie  fat  soluble 

vitamin  content  of  hen's  egg  yolk  as  affected  by  the  ration  and  the 

management  of  the  layers.    J.  Biol.  Chem.,  vol.  72,  p.  COo. 
Bbanio!^,  K.  I).     1934     The  vitamin  D  content  of  eggs.     Canadian  Public  Health 

J.,   A})ril. 
Bramon,   U.   \y,  T.  (1.   II".  Dkakk  axp   F.   F.   Tisdall      HK'U     Vitamin    I)   content 

of    r^'g   yolk.      The    F.    S.    K<:g   u\u\    Poultry    Ma^a/.inr,    vol.    X  F,    .Inly, 

p.  1^1);    August,  p.  --;    S>'[ttonil)or,   {).   -2:1. 
][):>:,     Tho  vitamin    1)   content    of   (>gg   yolk.      The   (\ana(lian    M.Mical 

Association    .1.,    \ol.    ;'>ll,    p.    '.». 
BeVanky,  (;.  .M.,  II.  F.  MrNSK.Li.  ant)  II.  W.  Trns      1933     The  efTerf  of  soun-.-s 

of  vitamin  1)  on  storage  of  the  antirachitic  factor  in  the  egg.     Poultry 

Science,  vol.  12,  p.  215. 
Hess,  A.  F.     1923     The  therapeutic  value  of  egg  yolk  in  rickets.     Proc.  Soc.  for 

Exp.  Biol,  and  Med.,  vol.  20,  p.  269. 
Hughes,  J.  S.,  L.  F.  Payne,  R.  W.  Titus  and  J.  M.  Moore     1925     The  relation 

between   the   amount   of    ultra-violet   light    received    by   hens    and    the 

amount   of   the   antirachitic  vitamin   in    the  eggs   produced.     J.   Biol. 

Cliem.,  vol.  87,  p.  421. 
Murphy,   R.    R.,    J.    E.    Hunter    and    H.    C.    Knandfx     1934     The    vitamin    D 

requirements    of    growing    chicks    and    laying    hens.      Agr.    Exp.    Sta. 

Bull.  no.  303  of  the  Pennsylvania  State  College. 


American  Fertilizer 

''  I  liat  man  ib  a  IxMicfaitor  to  his  race  who  nukes  two  l)la(les  of  j:r.»ss  lo  trow  w  herr  hut  iiwt-  njt-w  hefore." 


Vol.  83 


OCTOBER  19,   1935 


No.  8 


Manganese  and  Some  of  Its  Agricultural 
and  Biological  Relationships 

/.'v    p.   lu   //(//«■  V,    I'll./'.,   rroft'ssor  of  Scil  and    I'lixloclu-inistry,  .V/i//,-    Collrq,-,    r,-itii^yli'tini(i 


to  the  siihjc-ct  of  soil   fcrtilit\ 


£^^   to  the  subject  of  soil   fcrtilit).     This  n 
\-olves  Hiaiiv  ])liasfs,   incliidiu.L;   the  niiu 
cral    coiii])osition    of    the    soil.      Chief    anioiiL: 
these    are    studies    relatiuj^-    to    those    elenieuts 
which  have  lon^'  been   known  to  he  Mecessar\ 
for  the  <^M"()wth  and  development  of  j)lants.    At- 
tention   has    heen    directed     not    (jnly    to    the 
(juantities  oi  these  elements  present,  and   fac 
tors  affect injj^  their  availability  to  the  ])lant,  but 
als(j  to  their  utilization  by  animals  which   \vv(\ 
u])on    these    ])lants.       The    elemental    comi)osi 
tion   of   the   soil,   therefore,   is   of    vital    impor- 
tance    to    the    nutrition     o\    both     ])lants    and 
animals. 

I 'ntil  recentK   it  was  considere(l  that  ten  ele 
ments  would  suffice  for  the  i^rowth  of  i)lants 
carbon,     hydroj^en,     oxy^^en,     nitro<j;^en.     phos 
phorus.    potassium,    sulpluu',    calcium,    maj^me- 
sium.  and   iron.     Lately,  those  elements  wh.ich 
were  found  to  occur  in  ])lants  in  smaller  quan 
tities  and  which  had  been  considered  as  more 
or  less  "accidental  constituents"  n{  jilants  haw- 
been  studied  in  their  relation  to  the  growth  and 
develo])ment   of   livini:  ori^anisms.      Several   of 
these  now  are  known  to  be  neces^arv  Un  ])lant 
i^^rowth.    but    in    (piantities    nnich    smaller   than 
the  more  common   ])lant  nutrients,  such  as  ni 
tro^en.    ])hos])horus.    and    ])otas^ium.      AmouL; 
these  is  the  element    iiniut/diicsi'. 

vSome  outstanding;  research  wctrk  ha^  been 
conducted  on  mani^anese  in  its  relation  to  soil 
fertility  and  plant  and  animal  _i;rowth.  Some 
of  the  results  will  be  set   forth  in  this  re])ort. 

Xo  soil  can  be  classed  as  fertile  when  man- 
ganese is  lackinJ^^  or  when  it  is  present  in  an 
insoluble  form.  On  the  other  hand,  a  soil  mav 
be  infertile  if  it  contains  too  lar,t,^e  a  cpiantitv 
of   water-soluble   man^^anese.     This   is  true  of 
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■'iii\.j       vnlin.in..)cl.-)       >VV.ll.      \.V\.-11       lllV.        IIUJIL       V^WllllllOII 

ones,  such  as  nitroi^en,  ])hos])horus,  and  ])otas- 
sium  ;  but  it  is  more  difficult  to  render  a  soil 
less  fertile  with  less  active  elements  ihaii  the 
more  active  elements  such  as  man_i;anese  or 
copI)er. 

The   Occurrence   of   Manganese    in   Soils 

Ai^ricultural  soils  vary  widely  in  ri'spect  to 
their  man.i,^anese  content.  ivobinson  (1914), 
in  his  study  on  the  chemical  composition  of 
representative  American  soils,  found  that  the 
content  varied  from  zero  to  i).?>\[r,  calculated 
as  AlnO.  with  .an  avera.i^e  of  0.071 '/f.  These 
results  are  more  or  less  in  keeping;  with  those 
of  Shedd  (1V>14)  in  his  work  on  Kentuckv 
>oils  and  with  those  of  Carlyle  (19«^r)  in  his 
work  on  'J'exas  soils. 

As  a  rule,  the  mani^anese  content  of  soils  is 
(|uite  low.  I  lowever.  certain  soils  contain  such 
lari^e  (juantities  of  this  element  that  they  are 
alludecl  to  as  "mani^am' ferous  soils."  Kelle\ 
(1912),  in  his  work  on  Hawaiian  soils,  re- 
ported an  instance  where  the  mani^anesc  con- 
tent,  calculated  as  Mn.-^O,.  was  e(|ual  to  ''.74C 
of  the  soil  mass. 

C^n  the  whole,  there  a])])ears  to  be  more  man- 
i^anese  in  productive  th.an  in  un])roductive  soils. 
and  more  in  heavy  th.an  in  lijj^ht  soils.  Meyer 
(1932)  found  more  of  this  element  in  virgin 
th.'in  in  cultivated  soils,  which  is  t*^  ])v  ex- 
l)ected. 

The    Availability    of   Soil    Manganese 

Some  of  the  soil  manjj^anese  is  found  in  true 
solution  and  some  in  repl.ace.able  form.  These 
are  the  sources  of  mani^ancsc  for  plant  growth. 
According;  to  Schollenberger  and  Dreibelbis 
(19.^0)   the  replaceable  man.i^^anese  may  be  re- 
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duced  to  a  minimum  through  cropping  and 
liming  the  soil. 

Most  of  the  soil  manganese,  according  to 
Piper  (1931),  usually  occurs  in  a  highly  ox- 
idized and  insoluble  form.  This  may  be  ren- 
dered more  soluble  on  reduction  through  the 
addition  of  organic  matter  or  by  steam  ster- 
ilization. It  may  be  reduced  by  the  exclusion 
of  air,  as  when  a  soil  contains  excess  water. 

The  principal  factor  involved  in  the  availa- 
bility or  non-availability  of  manganese  is  the 
reaction  of  the  soil  itself;  it  is  more  available 
under  acid  than  under  neutral  or  alkaline  con- 
ditions. Accordin*^-  to  Bear  (1^)29).  any  soil 
having  an  alkaline  reaction  may  show  a  de- 
iiciency  of  manganese. 

The  work  nf  many  other  invi-stii^ators  leads 
to  the  same  conclusions.  vSkinner  and 
Ruprecht  (1930)  report  that  on  certain  Flor- 
ida soils,  normal  plant  growth  can  be  (jbtaincd 
only  by  fertilization  with  manganese  salts. 
These  soils  are  underlain  with  a  layer  of  cal- 
cium carbonate  and  the  reaction  of  the  soils 
varies  from  a  pH  of  7.5  to  a  pH  of  8.8. 

While  some  soils  are  inherently  alkaline, 
others  may  be  rendered  so  through  the  inju- 
dicious use  of  lime.  In  either  case,  one  must 
expect  the  manganese  to  be  present  in  an  in- 
soluble and  unavailable  form.  Such  soils 
would  benefit  through  fertilization  with  man- 
ganese salts,  keeping  in  mind,  however,  that 
more  care  should  be  taken  in  regard  to  the 
quantity  applied  than  is  true  for  the  ordinary 
fertilizing  materials. 

If  the  soil  contains  a  normal  quantity  of 
manganese  and  is  slightly  acid  in  reaction, 
sufficient  quantities  of  this  element  should  be 
rendered  soluble  and  available  for  ]ilant 
growth.  However,  when  the  soil  contains 
very  small  quantities  of  this  element,  accord- 
ing to  Willis  (1932),  manganese  may  be  a 
limiting  factor  even  though  the  soil  is  slightly 
acid  in  reaction.  Connor  (1932)  states  that, 
while  certain  Indiana  soils  appear  to  have  suffi- 
cient quantities  of  manganese  present  for  nor- 
mal crop  production,  the  points  at  which  it  is 
either  available  or  unavailable  are  so  close 
that  different  crops,  different  fertilizers,  and 
different  climatic  conditions  may  make  this 
element  present  in  sufficient  quantitv  or  de- 
ficient. 

Manganese    Fertilization 

When  the  need  for  manganese  has  been  fully 
established,  a  manganese  salt,  usually  the  sul- 
phate, has  been  added  to  the  soil  as  a  fertilizer, 
or  to  the  crops  in  the  form  of  a  spray.  If  an 
addition  of  manganese  sulphate  is  deemed  nec- 
essary, the  quantity  to  be  added  must  be  gov- 


erned by  the  requirements  of  both  the  soil  and 
the  crop  in  question. 

Skinner  and  Ruprecht  (1930)  have  used 
from  50  to  150  pounds  per  acre  with  striking 
results  on  Florida  glade  soils.  On  the  other 
hand,  Gilbert  and  McLean  (1928)  found  that 
8  pounds  of  manganese  sulphate  per  acre  was 
sufficient  to  correct  this  deficiency  on  certain 
Rhode  Island  soils,  while  llartwell  (1926)  on 
somewhat  similar  soils  found  that  80  pounds 
per  acre  was  beneficial  if  the  soils  were  neu- 
tral to  alkaline  in  reaction,  and  that  40  ])oun(ls 
constituted  an  excess  when  the  soils  were  acid. 

As  a  rule,  the  beneficial  effects  of  man 
ganese  may  be  attributed  to  its  use  as  ]^lant 
nutrient.  However,  it  ma\-  be  indirect  as  well 
as  direct  in  effect,  liniwn  and  Minges  (1916) 
found  that  manganese  fertilization  was  Ijene- 
ficial  to  the  process  of  nitrification,  while 
Deatrick  (1918)  found  that  such  additions  are 
beneficial  to  ammonification. 

Kelley  (1914)  found  that  the  addition  of 
manganese  salts  as  fertilizers  resulted  in  a 
marked  increase  in  the  availability  of  both  cal- 
cium and  magnesium.  He  attributed  the  stim- 
ulatory effect  of  manganese  addition  on  cro]) 
growth  to  this  effect.  On  the  other  hand. 
Schreiner  and  Sullivan  (1910)  found  that 
manganese  additions  promoted  soil  oxidation. 
Later  Schreiner  and  Reid  (1912)  substantiated 
tbcse  results  and  further  established  a  more  or 
less  direct  relationship  between  the  oxidative 
power  of  a  soil  and  its  productivity. 

Relation  of  Manganese  to  Plant  Growth 

Many  investigators  since  the  time  of 
Schecle  (1785),  who  found  manganese  in  the 
ash  of  the  "wild  anise,"  have  been  concerned 
with  the  occurrence  of  manganese  in  the  plant 
kingdom.  The  results  of  their  studies  show 
that  it  is  present  in  all  plants.  Its  necessity 
for  plant  growth,  however,  was  not  recognized 
until  quite  recently.  Bertrand  (1910,  1912) 
probably  was  the  first  to  call  attention  to  the 
fact  that  it  is  indisi>ensable,  while  McHargue 
(1922)  fully  established  the  fact  that  plant 
growth  is  impossible  in  its  absence. 

The  Manganese   Content   of  Plants 

While  manganese  is  universally  distributed 
throughout  the  plant  kingdom,  the  quantity 
varies  according  to  the  kind  of  plant,  its  age 
and  the  conditions  under  which  it  is  grown. 
According  to  Robinson  (1917)  the  percentage 
fiuctuates  more  than  for  any  other  mineral 
element. 

Schroeder  (1878)  found  that  the  ash  of  cer- 
tain pine  needles  contained  35.53%  of  man- 
ganese, calculated  as  Mn:,0,.  while  the  ash  of 
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pine  bark  contained  as  high  as  41. 23%.  ilil- 
gard  (1860)  likewise  rei)orts  a  very  high  per- 
centage in  the  ash  of  Mississippi  long-leaf 
pine. 

A  high  ])ercentage  of  manganese  in  plants  is 
the  exception  rather  than  the  rule,  l^iterson 
and  Lindow  (1928)  found  that  ordinary  crop 
])lants  contained  but  small  fjuantities  of  this 
(element  as  compared  to  other  elements  present. 

McLean  and  Hardin  (1926)  found  a  varia- 
tion of  from  5  {()  290  j^arts  ])er  million  of  man- 
ganese in  (jats.  basefl  on  tli(!  weight  of  dvy 
matter. 

Jacobson  and  Swanbatk  i  l'',^2)  tOnnd  lliat 
while  tobaeeo  nia\  be  lonkc(l  npon  a-  a  ''lux- 
nr\  leedi'i"  ni  nianijanesc.  \ct  its  L^rowtli  can 
be  depressed  ii  a  ccrt.ain  c-nnecnti-atinn  is  ex- 
eeedeil.  This  dan^ef  mav  \>r  encountered  witli 
the  majority  of  other  plant'^.  ( )n  the  (jtlier 
hand,  ]>olin  (1934)  has  shown  that  the  man- 
ganese content  of  alfalfa  is  not  only  low  but 
also  that  it  does  not  fiuctuate  to  any  great 
extent.  Incidentallw  this  low  manganese  re 
(|uirement  may  account,  to  a  certain  extent.  fr)r 
the  good  growth  of  alfalfa  on  a  non-acid  soil. 

This  wide  variation  in  the  manganese  con- 
tent of  plants,  which  is  greater  than  that  of 
any  other  element,  renders  it  difficult  to  calcu- 
late the  manganese  requirements  of  plants  and 
calls  for  ex])erimentation  on  the  jdant  and  l" 
cality  in  question. 

Localization   of   Manganese  Within   the   Plant 

Jardin  and  Astrue  (1913)  found  manganese 
localized  in  the  actively  growing  portions  of 
the  plant,  a  fact  which  has  been  fully  estab- 
lished by  many  others.  In  all  cases,  the  leaves 
contain  far  UK^re  than  the  stalks. 

McHargue  (1914)  found  man«4anese  in 
greater  concentration  in  the  outer  membranes 
of  wheat  grains  and  least  in  tlie  starchy  por- 
tion. In  tlie  manufacture  of  patent  flour, 
therefore,  most  of  the  manganese  would  be 
lost  in  the  waste.  V^v  this  reason,  graham 
bread  is  l)etter  than  white  bread  as  a  source  of 
manganese.  On  the  other  hrmd,  the  man- 
ganese content  of  the  oat  grain  is  more  evenly 
distributed.  .According  to  McHargue.  oatmeal 
constitutes  one  of  the  best  sources  of  man- 
ganese in  the  diet. 

Role    of    Manpanrse    in    Plant    Growth 

The  role  of  manganese  in  plant  growth  is 
rather  obscure.  McHargue  (1922)  believes 
that  this  element  is  concerned  with  the  synthe- 
sis of  proteins  and  carbohydrates  as  well,  but 
further  work  is  desirable  before  this  can  be 
fully  established.  Other  points,  however,  have 
been  quite  well  establislied. 


McHargue  (1922)  considers  that  man- 
ganese, with  iron,  aids  in  the  synthesis  of 
chloroi)hyll.  Chapman  (1931)  established  the 
fact  that  manganese  aids  in  the  transport  of 
iron  and  it  is  well  known  that  under  normal 
conditions  iron  is  neei'ssary  for  the  synthesis 
of  chlorcjphyll.  A  gremier  color  of  man- 
ganese-treat t^l  over  contr(jl  plants  was  ob- 
served by  Meyer  (  r^.^2);  this  would  tend  to 
substantiate  the  contentions  oi   McHargue. 

f^rlation    of    Manj^an^sf    to    Biological    Oxidations 

J'.crtrand  (  1S''7.  l''().--,  I'MJ)  considers  that 
llie  adfjiiion  ()\  inanL;an(-f  \n  ^rowini;  jilants 
nicreaM's  the  oxyi^en  cair)  nii;  jjower  of  oxi- 
da^^■  cn/ynie-.  Deatriek  (  i'.'l'')  found  that 
MU'I)  addniiins  srcmcd  lu  increase  the  oxidiz- 
ni,L(  ])o\ver  of  the  root>  of  wheat  seedlings.  This 
was  later  established  bv  hA'ersmann  and  Aber- 
son    (1027).     McHargue    (1914)    found    that 

nian<''a'""~'*     WP<     lorrd' v**''     i'l     <li(.t<»     'ir/^nc     r^f 

plants  which  had  to  do  with  the  secretion  of 
oxidizing  enzyme^.  His  inference  is  that  man- 
L;anese  serves  as  a  catalyst  for  these  enzymes. 

Hopkins  (1930)  states  that  the  function  of 
manganese  may  be  one  of  activation  of  iron  in 
the  ])lant.  The  hypothesis  is  th.at  iron  is  re- 
duced in  the  organism,  a  point  that  is  fully  es- 
tablished, and  that  manganese  serves  to  reox- 
idize  it.  However,  other  mechanisms  have  this 
power,  and  manganese  is  recjuired  in  addition, 
so  that  this  role  of  manganese  may  not  be  vital 
to  tin    welfare  of  the  ])lants. 

Relation    of    Man^j:ane.sc    to    Disease    Resistance 

Sanuiel  and  Pii)er  (  1^28)  report  that  a  con- 
dition known  as  tiie  "grey-speck"  disease  of 
oats  is  not  a  true  disease  but  a  condition  brought 
.about  by  lack  of  available  manganese  in  the 
^oils  on  which  the  jjlants  are  grown.  This 
conrlition  can  be  rectified  by  spraying  the  plants 
with  solutions  (,f  manganese  salts.  Teakle 
(  l'>33  I  reports  a  condition  ff)rmerly  recognized 
as  a  <lisease  of  oats  and  barley  called  "Road- 
side-take-all." a  conrlition  which  he  associated 
with  lack  of  axailable  manganese  in  the  soil 
and  which  couM  be  overcome  by  manganese 
additir)ns. 

in  creneral.  any  plants  containing  the  neces- 
sary mineral  elements  in  proper  proportions  are 
more  resistant  to  disease  than  plants  contain- 
ing too  much  or  t(xj  little  of  any  essential  ele- 
meiU. 

Symptoms   of   Manganese    Deficiency 

Gilbert  (L)34)  states  that  lack  of  sufficient 
i|uantities  of  manganese  produces  a  yellowing 
or  reddening  of  plants,  which  he  called  "chloro- 


sis".  The  symptoms  vary  with  different  plants, 
due  to  the  prevalence  of  green,  red  or  purple 
pigments.  With  spinach,  the  normal  green 
color  changes  to  a  pale  yellow  or  to  a  golden 
yellow.  Similar  plants  show  identical  symp- 
toms. 

With  table  beets  the  symptoms  are  somewhat 
different.  Instead  of  becoming  progressively 
yellow,  the  leaf  gradually  takes  on  a  deep  red 
to  purple  color. 

Under  more  pronounced  conditions,  accord- 
ing to  vSamud  and  Piper  (1929),  man,<,^incse 
deficiency  results  in  arrested  development,  fol- 
lowed Ijv  death  of  nndeveloix'd  tissue  rit  the 
ijTowiug  point. 

Symptoms    of    Excess    Mcinganese 

Considerable  difficulty  has  been  encountered 
in  obtaining  normal  plant  growth  on  man- 
ganiferous  soils.  McGeorge  (1923)  found  that 
pineapples  grown  on  these  scjilb  developed  d 
condition  of  chlorosis,  which  he  attributed  to 
a  greater  assimilation  of  calcium  than  on  a 
normal  soil.  This,  he  stated,  would  result  in  a 
precipitation  of  iron  in  the  cells.  Such  a  con- 
dition could  be  rectified  by  spraying  the  plants 
with  a  10  per  cent  solution  of  ferrous  sulphate. 

Kelley  (1914)  states  that  pineapples  grown 
on  highly  manganiferous  soils  showed  a  woody 
root  system,  and  a  gradual  yellowing  of  the 
leaves  followed  by  the  development  of  yellow 
spots  which  spread  over  the  entire  leaf.  Such 
plants,  as  a  rule,  produced  very  small  fruits,  ab- 
normally pink  in  color. 

These  experiments  suggest  that  excess  of 
manganese  is  undesirable.  McCool  (1934) 
found  that  in  certain  cases  the  steaming  of  soils 
resulted  in  an  increased  concentration  of  solu- 
ble manganese,  sufficient  to  seriously  interfere 
with  plant  growth.  Such  a  condition,  however, 
could  be  overcome  by  adding  superphosphate 
which  brought  about  the  formation  of  the  less 
soluble  manganese  phosphate. 

What  holds  true  for  manganese,  likewise 
holds  true  for  other  essential  elements ;  an  ex- 
cess is  almost  as  undesirable  as  a  deficiency. 

Relation  of  Manganese  to  Animal  Growth 

Manganese  is  as  widely  distributed  through- 
out the  animal  kingdom  as  the  plant  kingdom. 
It  is  found  in  all  tissues  but  the  concentration 
varies  according  to  the  tissue.  According  to 
Swartz  (1929,  1930)  it  occurs  in  larger  quanti- 
ties in  the  liver,  pancreas,  lymph  nodes  and  kid- 
ney than  in  other  animal  parts. 


Until  recently,  manganese  was  not  considered 
essential  to  the  animal  diet,  but  now  it  is  recog- 
nized to  be  necessary. 

Absence  of  manganese  from  the  diet  of  fe- 
male rats  brings  about  a  disturbance  of  the 
oestrus  cycle  and  likewise  a  failure  of  the  devel- 
opment of  the  mammary  glands,  making  it 
impossible  for  the  mothers  to  suckle  their 
young.  In  male  rats,  complete  degeneration 
of  the  germinal  epithelium  occurs,  according  to 
Bodansky  (1934). 

Titus.  Cave  and  Hughes  (1^)28)  found,  in 
sup])ort  of  the  work  of  others,  that  iron  could 
be  utilized  for  the  building  of  lu'nioglobin  in 
the  animal  l)ody  if  co])|)er  was  likewise  present. 
However,  the  jiresenee  of  mauiiaiiese  w;i> 
found  to  be  extremely  dtsirahle,  if  n(jt  essen- 
tial, for  this  i)rocess  to  be  effected. 

If  manganese  is  necessary  for  animal  growth 
and  development,  the  question  of  the  man- 
gnnesp  content  of  iplants  should  be  considered 
from  this  standpoint  as  well  as  from  the  stand- 
point of  the  growth  and  development  of  the 
plants  in  question.  Hence,  the  relation  of 
manganese  to  soil  fertility,  plant  and  animal 
growth,  assumes  an  added  significance. 


To  correct  a 

MANGANESE  DEFICIENCY 

in  the  soil,  use 

TECMAIVGAM 

(Manganese  Sulphate  80%) 

because  it  is  more  concentrated  than  any 
other  grade  of  Manganese  Sulphate  and 
therefore    more    economical. 


TECMANGAM      is     entirely 
completely    available. 


soluble      and 


Manufactured  by 
THE  TENNESSEE  EASTMAN   CORP. 

KiNCSPORT,    TeNN. 

Sole  Selling  Agents 
THE  HARSHAW   CHEMICAL  CO. 

Philadelphia,  Pa. 

stocks  carried  at  Kingsport,  Tenn.,  Philadelphia, 
Pa.,  Cleveland,  Ohio,  and  obtainable  from  prac- 
tically all  principal  fertilizer  concerns  throughout 
the  South  and   East. 
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Ricinus  Lipase,  its  Nature  and  Specificity^ 
By  Herbert  E.  Longenecker^  and  D.  E.  Haley 


The  lipolytic  principle  of  the  castor  bean 
(Ricinus  communis)  has  engaged  the  attention  of 
many  research  workers  since  its  presence  was  first 
proved  in  1890  almost  sinniltaneously  by  Green'^ 
and  Sigmund."*  However,  a  review  of  the  avail- 
able literature  on  the  active  substance,  Ricinus 
lipase,  has  failed  to  reveal  any  general  concord- 
ance of  experimental  results.  Haley  and  Lyman's 
discovery^  that  with  oils  optimum  conditions  for 
activity  were  obtained  only  within  narrow  Hniits 
of  hydrogen  ion  concentration,  about  pll  4.7  4.S, 
made  it  necessary  to  repeat  most  of  the  previous 
work. 

The  object  of  the  present  investigation  was  tf) 
prepare  a  highly  active,  dry  and  stable  prepara- 
tion of  Ricinus  lipase  from  resting  castor  seeds 
and  to  study  the  nature  of  its  action  and  its  rela- 
tive specificity  in  the  hydrolysis  of  various  vege- 
table and  animal  oils.  These  studies  were  under- 
taken to  elucidate  the  mode  of  action  of  Ricinus 
lipase  and  to  contribute  to  the  knowledge  of  en- 
zyme action  in  general. 

Experimental 

A.  Preparation  of  Lipase  Material.  Ricinus  lipase 
wa.s  prepared  from  large  size  castor  beans'"'  by  liiiliiuK  and 

(1)  Presented  before  the  Division  of  BioloKical  Chemistry  at  the 
90th  meeting  of  the  American  Chemical  Society,  San  Irancisco, 
California,  August  19-23,  1935. 

(2)  vSubmitted  in  partial  fulfilment  of  the  requirements  for  the 
degree  of  Master  of  .Science  at   Ihe  Pennsylvania  State  CoJleRe. 

(3)  Green,  Proc.  Roy.  Soc.  (London),  48B,  370  (1890). 

(4)  Sigmund,  Monalsh.,  11,  272  (1890). 

(5)  Haley  and  Lyman.  This  Journal,  43,  2664  (1921). 

(6)  Courtesy  of  The  Baker  Castor  Oil  Co.,  Newark,  N.  J. 


macerating  them,  extracting  the  fat  as  completely  as 
possible  with  low  boiling  petroleum  ether  (20-40°),  and 
finally  drying,  pulverizing  and  sifting  the  finished  product 
through  a  00-mesh  sieve.  This  is  a  nu)dification  of  the 
method  given  by  Haley  and  Lyman.'  Other  methods  for 
the  preparation  of  Ricimis  lipase  have  been  reviewed  by 
Longenecker.'     Most  of  them  are  less  suitable. 

B.  Estimation  of  Activity. — In  all  experiments  reported 
licre.  a  standard  procedure  was  adoi)ted  for  the  determina- 
tion of  lipolytic  activity:  1.00  gram  of  oil  was  weighed  into 
live  cc.  hard-glass  bottles  and  two  diops  of  toluene  added 
to  prevent  bacterial  action.  To  this  was  added  a  weighed 
(luantity  of  enzyme  material  and  its  activator,  tenth  nor- 
mal acetic  acid.  The  pH  of  the  resulting  mixture  was  4.8. 
It  was  emulsified  by  vigorous  shaking  for  three  minutes. 
Digestion  was  carried  on  at  a  temperature  of  37°.  To  pre- 
vent loss  of  any  of  the  digestion  materials,  the  bottles  were 
stoppered  with  parafilned  corks.  The  results  reported  rep- 
resent averages  of  triplicate  determinations.  "Blanks" 
always  accompanied  the  samples. 

After  a  definite  time  of  inculnition,  the  reaction  mixture 
was  placed  in  50  cc.  of  hot  9")%  alcohol  and  the  free  fatty 
acids  in  the  digestion  mixture  were  titrated  with  0.1  A^ 
alkali  using  phenolphthalein  as  the  indicator.  The  start- 
ing time  for  each  experiment  was  that  time  when  acetic 
acid  was  added  to  the  digestion  mixture;  the  final  time, 
when  the  reaction  mixture  was  i)laced  in  the  alcohol.  It 
was  found  by  preliminary  exi)eriments  that  no  hydrolysis 
took  place  until  after  addition  of  the  acid  and  that  hy- 
drolysis was  completely  inhibited  in  the  amount  of  a! 
cohol  used  in  the  titration. 

Titration  results  are  of  little  value,  per  se,  in  studies  of 
the  relative  specificity  of  lipolytic  catalysis  of  oils  although 
several  workers  have  reported  their  findings  in  this  way. 
A  more  significaiit  exi)rission  is  the  percentage  of  oil 
hydrolyzed   or   the   number   of   moles   of   triglyceride   hy- 

(7)   Longenecker,  M.  vS.  Thesis,    1  he  Pennsylvania  State  College 
1934. 
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drolvzed      For  the  calculation  of  the  percentage  hy.lroly- 

s™  the  formulas  suggested  by  Sudborough,  Watson  and 

Varma  and  Wilson  and  Merrill'  have  been  used  as  a  bas.s^ 

The  diflerence  between  the  volun,e  of  alkah  recu.red  f™ 

he  sample  and  that  required  for  the  blank  >s  a  nteasur      f 

he   atty  acids  resulting  front  the  direct  cleavage  of  gly  er- 

ides  due  to  the  action  of  the  lipase;    the  ester  numbe,  >s  a 

"re  of  the  total  fatty  acids  i,>  glyceride  co.nbmat.on, 

?o  obtain  the  percentage  hydrolysis,  the  foUow.ng  forn.nla 

has  been  used 

ec   0  1   A^dkali  (sample)   -^.  O^^alkuU  (blank,    ^ 
—    S.pna,hc..,unn.i'      Five  fat  1 V  aeid  no.^     ,      ,     ,     , 

•■  Kxprcsscl  incr.  of  (1.1   .V  alkali. 

C      Activity    of    Old    and    New    Preparations.      Ih. 

.,|„,;,v  ,.1   Hum,,,  l.pu*  ,o  v.u,u,  ns  activhy  over  a     nm 

,,,,„,  „as  <lcnK,ns,ra,ed  ,n  the  luUowing  expernnen,   n 
':    ch  the  activity  of  a  sa.nple  sin.ilarly  prepared  by  one  o 
u     n  H24  was  co.npared  with  that  of  a  freshly  prepared 
"L,:,.      ,  m  „r.n,  of  olive  oil  and  O.G  cc.  of  0.1  N  aeetto 
;d;r"were   use;i;     the  amotuu   of  en.yn.e   n>ater,al   was 
va   ed-    one  set  of  santples  (A)  was  shaken  for  three  .n.n- 
"1;  the  start,  then  allowed  to  stand  for  twenty-four 
rs  at  29-3f.°;    another  se,  of  santples  (B)  was  s^taken 
,ntinuously  bv  tnachine  f<,r  fourteen  hours  then  allowed 
,;!lnd  for  ten  hours  a,  29  M'.     The  results  are  g.ven  ,n 

Table  I. 

Table  I 

,.   \,-rTVTTiKs  OF  Thn-Yi:ar  Old  and  Nkvv 
Comparison  DP  Altivitik^  uh    u.i^ 

Prfparations 


1  re;ilnunt 

A 


Percentage 
len-year  old  sample 
U.0,-,0  K'.  O.lOOu. 


14.()o 


17.  S2 


Hydrolysis 

new  sample 

{).0:)0  K.  0.100  K. 

S«).()() 

8().7() 


77 .  So 
So .  4;-5 


Taulf  II 

■lVriCALRA.i.OlKKACTIONANDTHKHKFFdorTFM..LRA- 

TURK   AMD  SHAKINO 

Uiree  n^nmes  at  the  start,  let  stand  for  t^.n.y  nnnm^ 
aitd  shaken  again  for  two  .ninutes.  C,  same  as  A  except 
that  temperature  was  2/  -2S 


'rime  of 
diRC^tioo 

o  nun. 
10  min. 
15  min. 
20  mm. 
;iO  min. 
40  min. 
45  min. 
50  min. 
60  min. 

2  hrs. 

3  hrs. 
5  hrs. 

10  hrs. 
24  hrs. 


A 

1 1  .  02 
19.:;.") 

;!s.:;;i 

39 .  22 
50.  ()3 

51  .91 
59 .  m 
(;5 .  37 
71.14 
72  42 
74.21 
77.  SO 


rerccnlau'"  hydrolysis 


C 


57 . 9:  J 

01).  39 
74 .  S5 
79  34 
SO  50 


25.  SS 


4  4   70 


r^r) .  SS 


59.  Of) 
07 .  80 
71.90 


,  ( 


,•12 


,»rs.,.n.<.rouKl,.  VVals....  ..".I  Vurn,:.,  .'    I«,li.,r,  l«:l    ^"•^■J;" 

,l:nv:.    Wn-son.ndMerrMI..;     1  ■»    ' IV,  i/h-.b     t,v.,«..  .  1  I  I.O.I 


D.  Rate  of  Hydrolysis  of  Olive  Oil.^Ohve  ojl  was 
sele  ted  as  a  substrate  to  den.onstrate,  hrst  lyp.cal  rates 
eaetion  and  second,  sotne  of  the  factons  "^^u-- m^l 
In  Table  II,  data  are  givci  whtch  express  (A)  a  normal 
ate  of  reaction,  (B)  the  effect  of  shaktng  the  d.gest.on  , 
mixture  after  th;  reaction  has  proceeded  for  thirty  m.nu.es 
and  (C)  the  effect  of  temperature. 

E  Relative  Specificity  of  Ricinus  Lipase  Action.  ■ 
A  smdy  of  the  rates  of  hydrolysis  of  var.ous  n.en.bers 
of  a  geLal  group  of  substances  should  y.eld  tnformat.on 
a  to  he  relative  specifci.y  or  affinity  of  an  enzynte  for  a 
;  ticular  substrate.  A  variety  of  oils  "f  vegetable  a  1 
L„i„,„  .„igin  were  selected  fo,  spcnlu  ,.y  s  ud.es.  Ra.c. 
..fhy.lrolysisollheicoilsan   Imnuln,    labk-lU. 

Discussion 

In  a.K.ly/.i..K  atul  .■UfrpretiiiK  tln-sf  rcs.tUs  l!,c 
nature  of  the  active  .naterial  .iRist  l.e  cot.sKlerccl. 
"Ricinus  lipase"  Itas  been  used  hero  to  represent 
the  h.tllerl.  fat-free,  resting  castor  seeds.  1  ro- 
teins,  carbohydrates  and  salts  originally  present 
have  not  been  removed  from  the  final  product. 

It  is  significant  that  a  ten-year  old  preparation 
retained  a  fairly  high  activity  co.npared  with  a 
fresh  sample.     Enzymatic  activity  is  known  t(, 
decrease  considerably  in  short  periods,  especially 
when  the  enzymic  material  is  in  solution.     Dry     , 
preparations  are  usually  more  stable.     So  far  as 
the  autlK,rs  can  ascertain,  however,  there  is  no 
report  i.i  the  literature  showing  the  retention  o 
activity  of  any  enzyme  preparalitm  over  a  pent)d 

of  ten  years. 

One'conditi.m  that  appears   to  be   a  sine  qm 
„o„  factor  for  Ricinus  lipase  activity  is  the  colloi- 
dal state.     One  may  assume   that  an  emulsion 
arises  in  a  heterogeneous  system  such  as  the  di- 
.restion  mixture  of  oil,  enzyme  and  dilute  actd. 
Sudan   III   and  conductivity   tests   uuhcated  in 
this  work  that  it  is  of  the  water-in-oil  type  under 
the  cxperimet.tal  conditions.     This  type  of  emul- 
sion was  favorable  for  the  acti.m  of  Ricnus  lipase. 
In  fact,  there  is  every  reason  to  believe  that  the 
enzyme  is  not  as  active  in  an  enmlsi..M  ol  the  <.p- 

posite  tvpe. 

The    production    of    a    suitable    emulsion    was 
aided  decidedlv  bv  shaking  the  digestion  mixture. 
.Shaking  by  hand  for  three  minutes  ensured  that 
approximately  the  same  degree  of  eniulsihcat.on 
was  obtained  at  the  beginning  of  each  exi)eriment. 
Once    formed,    h'.wever,    the    emulsion    was   not 
stable      It    tended    to    separate    into    layers    of 
water  and  oil  within  oiu  half  hour,  when  the  rate 
„f   hydrolvsis   began    to   decrease.     Shaking   the 
<ligestioii  mixture  at  this  point  restored  llu-  emul- 
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Tahle  III 
Rati-s  of  Hydrolysis  of  Various  Oils  of  VKOHTAnLK  and  Animal  Orioin 
In  each  experiment.  1.00  g.  of  oil.  0.100  g.  of  lipase  material    two  chops  of^ tolue.te  and  0.0  cc.  of  01    N  acetic  ac 
ie  shaken  together  for  three  minutes  at  the  start,  then  let  stand  at  '^Z   '^^    _  _,    ^ 

Hours ~ 


id 


Percentage  tiy<lrolysis 


Oil 

Castor 

Coconut 

Corn 

Cottonseed 

I'ish 

i.inseed 

Nfat's-f()..l 

Olive 

I't  ;i(  li  kt  nil  I 

IVaniit 

Kape 

Sperm 

Soybean 

Whale 


15 


30.  07 
.35.  37 
30.90 
17.  til ; 
21  44 
2S  \v.\ 
;;i  91 
24  :;f, 

37    5."! 

.39   52 

1  ( 1 .  1  S 

17  r.o 
10.77 


47 .  4S 
4.3  2r) 

53.  SO 
52  9( ) 
22  24 

34  25 

32  4;i 
;i9   22 

33  35 
55   Sf, 

4s  :\\\ 
V.\   71 

35  i)5 
2.) .  •)■> 


Mimites- 
4.") 

.-)9  1 5 
4S.90 
00.74 

02  75 
20,  SI 

;'.s.7s 

43    11 

50  o;; 
47   57 

03  55 
54  95 
10.  S3 
53.13 
20)  20 


59  15 
.")0.73 
0)7 .  10 
03.33 

27.33 
42  SS 
47  or. 
59.00 
.52  20 
f,7  40 
t.2  ('2 
2n  .30 
01  ;;n 
■',s  OS 


lliO 
72  70 
.-.4  27 

71  0,4 

72  CI 
31    4S 


. ). 


4S 
SO, 


. )  i 

05.  ;i 


•  u 


II   .  I  ■  > 

71  49 

l.s  2S 

77  t',4 

32  S2 


S3  30 
,',9  5S 
72.09 
71.30 
33.24 
50.   Oil 

t".;;  0*) 
7!  14 
t .  1  2< ' 
s;;  70 
t.'.i  so 
IS.  89 
7:;.  99 
35    14 


01.37 
SI.  79 
S3.  33 
30.   00. 

71  12 

f.s  ;;i 

72  42 
0)5  .54 

Ml    in 
77   4^ 

.    tiS 

SI    35 

'.\  t     0  / 


n) 

0,5.81 

S7  01 
,sr,  52 

37    00 
72   59 

t;9  :;3 
74   21 

7o    IS 
'.)7   2  1 

SI   u 

0.1  .'>3 
?vi .  94 
1!    SI 


21 

()7.05 
90.75 

S7 .  25 
41  07 
72  90 

70  0,S 
77  SO 
(','.1   f,ii 

,S3  45 
23.47 

SO   17 


sion  and  with  it  there  was  an  increased  rate  and 
extent  of  reaction  in  a  ^iven  time,  as  is  seen  in 

Table  11. 

A  higher  percentage  of  hydrolysis  in  cases 
where  a  lower  temperature  was  used,  as  shown  also 
in  Table  II,  can  be  correlated  with  the  stability 
of  the  emulsion.  In  each  case  it  was  observed 
that  the  tendency  for  the  emulsion  to  break  was 
much  less  at  the  lower  temperature. 

That  Ricinus  lipase  exhibits  a  difTerential  rate 
of  attack  for  various  oils  appears  obvious  from 
Tabic  III.  Previous  investigators  have  reported 
similar  experiments  and  results.'^  ^'  In  the  ma- 
jority of  cases,  it  has  been  emphasized  that  the 
Ricinus  lipase  exhibited  a  relative  siiecificity  for 
those  glycerides  of  high  molecular  weight.  The 
results  above  seem  to  oiler  support  for  this  argu- 
ment, with  a  few  exceptions.  Thus,  for  the  various 
oils  used,  listed  in  the  order  of  decreasing  percent- 
age hydrolysis,   the  mean  molecular  weights  are: 


I 


Oil, 
I'eannt 
Castor 
Corn 

Cottonsi  f 

Soyl)ean 

Rai)e 

Olive 


Mt-aii  mol. 

S70 
921 

S95 
S70 
S09 
950 
705 


Oil-. 
Liiisei'd 
Ntal  's  f(>()t 
I'rarli  keni(4 
Coenmit 
Whalf 
I'ish 


Mean  moL 
\vt. 

7  SO 

995 

7S5 

5S9 

.■)90 

oir, 


However,  if  another  line  of  reasoning  be 
adopted,  this  apparent  si)ecificity  disappears  al- 
most  entirelv.     When    the   number   of   moles   of 

(!»)    CoiinsUin,   l:r.:,bnis^r  -/- '    rii.-^fl     3,  104  (l'.t04). 

(10)    'lanaka,  J.  d-ll.   I:n.,    >  I  m  ;•    Lnn    Tnkxu),  6,  2.'J.  l.')2  (1012) 

{ID    Talcamiya,  .^      \  ^r    (h.-m    >»,    ( ,|..paii  i ,  5,  .'.'.t.")  ( lOL'O). 

i\2)    I-alk,  This  Joijknai  ,  35.  i'>\(S  (  iWL^i. 

(13)   Su<ll.<*rouKh  and  Wu   ..n    ./    I^idum  In^l    s- .  ,  6,   110  iVXl'l). 


'dvceride  hvdrolyzed  after  a  given  time  is  con- 
•  1         1     ..      ^„i^f;,,f^.  r,>«^.,>iric3f X'  of  Ru'inns  Imnse  is 

observed.     The  results  are  all  of  the  same  order 
of   magnitude  and   the   probability   that   any   in- 
dividual variations  are  due   to  an   actual  difler- 
ence in  specificity  is  very  low  indeed. 
Summary  and  Conclusions 
A  dry,  stable  and  highly  active  preparation  of 
Ricinus    lipase    has    been    obtained    from    hulled 
castor  beans  by  extracting  the  fat  with  low  boiling 
petroleum  ether,  pulverizing  and  silting  the  resi- 
due of  the  bean  through  a  ilO-mesh  sieve.     The 
activity  of  this  fresh  preparation  was  compared 
with    that   of    one    ten    years   old.      Considerable 
activity  was  obtained  with  the  latter. 

A  water-in-oil  emulsion  appears  to  l)e  desirable 
for  Ricinus  lipase  action.  The  formation  of  this 
emulsion  was  aided  by  shaking  and  by  lower  tem- 
peratures of  incubation. 

Rates  of  hydrolysis  of  a  variety  of  oils  of  vege- 
table and  animal  origin  were  obtained  for  studies 
on  the  nature  of  action  and  specificity  of  Ricinus 
lipase.      Under  the  experimental  conditions,  Rici 
nus  lipa.se  catalyzed  the  hydrolysis  of  the  follow 
ing  oils,  listed  in  order  of  decreasing  percentage 
hydrolvsis  after  a  ^iven  time:  peanut,  castor,  corn, 
cottonseed,   soybean,   rape,   oli\e,  linseed,  neat  s 
foot,  peach  kernel,  coconut,  whale,  fish  and  si)erni. 
An  analvsis  of  the  data  on  liie  l)asis  of  the  num 
ber  of  moles  hydrolyzed  revealed  thai    the  lipase 
showed   no  specificity    in   its  attack   on  ^Ivceride 
molecules   containing   carbon   chains   of   dilTerent 
length. 
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At  the  Pennsylvania  State  College  we 
have  a  student  dining  room  which  the 
architect  has  designed  as  a  Pennsylvania 
Dutch    grill.      Over   the    counter    from 
which  the  foods  are  served  there  is  in- 
scribed in  German  script  the  Pennsylva- 
nia Dutch  motto,  '*Sak  mir  was  du  esscht 
und  Ich  sak  dir  was  du  bisscht."    This 
is  the  Pennsylvania  Dutch  equivalent  for 
the  old  maxim,  ''Tell  me  what  you  eat 
and  I  will  tell  you  what  you  are."     A 
recent     writer     has     paraphrased     this 
maxim  by  saying,  ''Tell  me  what  you 
eat  and  I'll  tell  you  how  old  you  are." 
He  informs  us  that  it  is  possible  to  divide 
the  span  of  human  life  into  eleven  diet- 
ary or  gastronomic  ages,  which  fall  in 
the  following  chronological  order: 


Age   No. 


<  < 


( < 


( < 


1— Milk. 

2 — Bread  and  milk. 

3 — Milk,  eggs,  bread  and  spinach. 

4 — Oat  meal,  bread  and  butter,  green 
apples  and  all  day  suckers. 

5 — Ice  cream  soda  and  hot  dogs. 

6 — Minute  steak,  fried  potatoes,  coffee 
and  apple  pie. 

7 — Bouillon,  roast  duck,  scalloped  po- 
tatoes, French  rolls,  creamed 
broccoli,  fruit  salad,  divinity 
fudge  and  demi  tasse. 

8 — Pate  de  foies  gras,  wiener  schnit- 
zel,    potatoes     parisienne,     egg 


<  ( 


<  ( 


<  ( 


plant  a  Topera,  demi  tasse  and 

Roquefort  cheese. 
9— Soft  boiled  eggs,  toast  and  milk. 
"    10 — Crackers  and  milk. 
"    ll~Milk. 


( < 


While  it  is  clear  that  this  writer  was 
poking  fun  at  our  dietary  inconsisten- 
cies, he  was  also  emphasizing  a  very  im- 
portant dietary  truth,  viz.,  that  milk 
plays  a  very  important  part  in  giving  us 
the  proper  start  in  life  and  that  we  in- 
stinctively revert  to  milk  when  we  have 
reached  the  age  when  our  digestive  or- 
gans begin  to  show  the  results  of  unwise 
dietary  excesses  of  former  years. 

Our    knowledge    of    foods    and    food 
values  has  undergone  many  changes  as 
a  result  of  chemical  and  nutritional  re- 
searches.   Hippocrates     (460-370    B.C.) 
believed  that  there  were  many  kinds  of 
food  but  that  there  was  but  one  single 
substance  in  foods  which  was  necessary 
for    normal    growth    and    development. 
As    late    as    1813    the    eminent    French 
physiologist,  Richerand,  still  adhered  to 
this    hypothesis.      Twenty    years    later 
(1833)  Dr.  William  Beaumont  published 
his   classical   work   on  gastric   digestion 
and  at  that  late  date  he  referred  to  the 
nutritive  value  of  foods  in  terms  of  a 
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sincrle  substance  which  he  called      ali- 
ment "    It  would  be  very  easy  to  solve 
our  dietary  problems  if  this  theory  could 
be  shown  to  be  correct.     Unfortunately 
for  the  layman,  each  new  discovery  m 
food  chemistry  seems  to  make  the  prob- 
lem more  complex.  .  ,      ,      • 
Or   William  Prout,  an  En^'lish  pbysi- 
eian,   was   one   of   the   first   scientists   to 
-c.oinplicate  the  picture"  when  he  an- 
iiouneed   in   1834  that  foods  contain   at 
l(>ast  three  essential  types  of   materials 
which  are  necessary  for  ^^rood  nutrition. 
These  substances  were  called  albuminosa, 
oleosa  and  saccharosa,  which  are  known 
to  us  as  proteins,  tais  and  earbohydratcs. 
Justus  von  Liebig,  of  Germany,  was 
lar^elv   responsible   for   the   conception 
thai:   fats   and   carbohydrates   are   used 
largely  as  sources  of  heat  and  energy  m 
the"animal  body,  while  proteins  function 
primarily  as  building  materials  for  body 

tissues. 

As   chemistry   developed,   foods   were 
classified  according  to  their  content  of 
tliese  three  substances,  and  the  first  feed- 
ing standards  for  humans  and  domestic 
animals  were,  naturally,  chemical  stand- 
ards.   The  first  period,  therefore,  might 
well  be  called  the  '* chemical  period"  m 
nutrition.     This  was  followed  by  a  sec- 
ond period,  which  might  be  called  the 
''energy  period,"  in  which  food  values 
were  expressed  in  terms  of  calories  or 
heat  units.     It  was  not  long,  however, 
before  it  became  evident  that  diets  could 
be  compounded  from  chemically  purified 
proteins,  fats,  carbohydrates  and  mineral 
salts,  which  conformed  to  the  best  of  the 
chemical  and  energy  feeding  standards 
and  yet  lacked  something  necessary  for 
normal  growth  and  reproduction. 

A  new  method  of  research  was  devised, 
using  chemically  purified  diets  and  small 
pxpel-imental  animals,  with  the  result 
that  a  new  (biological  response)  period 
came  into  existence.  This  period  of  re- 
search has  led  to  what  is  popularly  called 
the  "Newer  Knowledge  of  Nutrition." 
During  this  period  three  important  types 
of  discoveries  were  made,  which  have  had 


considerable  influence  on  the  food  habits 
of  the  American  people. 

Prior  to  this  period  chemists  and  nu- 
tritionists believed  that  all  proteins, 
regardless  of  source,  possessed  the  same 
nutritive  value  because  they  all  con- 
tained about  the  same  amount  of  nitro 


<rcn.     The  new  work  with  small  animals 
proved  that   this  is  not  the  case,  since 
animals   grow   better    on    some    proteins 
than  they  do  on  others.     Subsecpient  in- 
vest {•'•ations  bv  the  ever  curious  research 
chemist  led  to  the  discovery  that  proteins 
of  hi^'h  biological  value  contained  many 
amino-acids     (which     act     as    building 
atones    for    body    tissues),    while    the 
poorer  proteins  were  found  to  be  lacking 
in  some  of  these  amino-acids  which  were 
needed  by  the  body  tissues. 

When   the   missing   amino-acids   were 
added  to  the  inferior  proteins  or  when 
other  proteins  were  added  to  the  diet, 
rats   again   grew  normally.     Thus,   the 
first  important  lesson  to  be  learned  is 
that,  as  a  class,  individual  animal  pro- 
teins are  nutritionally  superior  to  indi- 
vidual vegetable  proteins  and  that  the 
wise  mother  will  plan  her  meals  in  such 
a  manner  that  her  growing  children  will 
be  certain  to  receive  all  the  amino-acids 
necessary  for  the  construction  and  repair 
of  muscles  and  similar  tissues.    This  can 
be  done  by  supplementing  the  important 
energy-producing   foods,   such  as  bread 
and  "cereals  with  vegetables,  milk,  eggs 

and  meat. 

The    second    discovery    that    resulted 
from  work  with  small  animals  had  to  do 
with  the  mineral  salts  in  the  diet.    Scien- 
tists already  knew,  of  course,  that  the 
growing  child  and  even   mature  people 
must  have  mineral  salts  in  order  to  con- 
struct strong  bones  and  teeth  and  keep 
the  blood  and  body  fluids  in  healthy  con- 
dition.    They  had  the  feeling,  however, 
that  the  mineral  problem  "sort  of  took 
care  of  itself"  if  the  other  ingredients, 
such  as  proteins,  fats  and  carbohydrates, 
were  provided  in  ample  amounts. 

The  biological  response  tests  with  small 
animals  soon  exploded  this  idea,   for  it 
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was  found  that  some  of  our  daily  diets 
were  woefully  lacking  in  certain  mineral 
or  inorganic  salts.    This  type  of  research 
also  led  to  a  better  understanding  of  the 
individual  functions  of  the  common  inor- 
ganic elements,   such  as  calcium,   phos- 
phorus,   magnesium,    sodium,    iron    and 
chlorine.    Much  to  our  surprise  we  began 
to  discover  that  some  of  the  rarer  ele- 
ments, such  as  copper,  iodine,  manganese 
and  even  zinc,  might  be  vitally  essential 
for    health    and    well-being.      In    former 
years  copper  was  consideriMl  a  member  ot 
the  "poison  family"— to  be  gastronomi- 
cally    avoided.      Biological    tests    have 
shown,  however,  that  copper  in  traces  has 
a  very  oeneiiciai  euccl  oh  ine  uitii/^aiivMi 
of  iron  and  helps  us  to  build  better  red 
blood  cells. 

It  is  entirely  possible  that  we  may  find 
eventually  that  practically  all  the  inor- 
ganic elements  have  a  definite  function 
to  perform,  in  spite  of  the  fact  that  they 
are  present  in  almost  infinitesimal  traces. 
Iodine  is  a  case  in  point.     When  it  is 
absent    from    the   soil,    food    crops   and 
waters — such    as    we    find    in    goitrous 
regions — excellent    prophylactic    results 
can  be  obtained  by  eating  foods  or  drink- 
ing water  containing  very  small  quanti- 
ties   of    iodine.      Again    the    conclusion 
seems  inevitable — that  we  are  more  likely 
to  obtain  the  mineral  salts  we  need,  if  we 
will  vary  our  diet  sufficiently  to  ensure  a 
varied  supply  of  mineral  elements. 

I  have  already  pointed  out  that  milk 
contains  proteins  of  high  nutritive  value. 
Milk  also  contains  a  very  desirable  mix- 
ture of  inorganic  salts.     In  fact,  milk  is 
our  best  single  source  of  calcium,   and 
research  has  shown  that  it  is  quite  diffi- 
cult for  the  growing  child  to  obtain  its 
daily  calcium  requirement  unless  it  re- 
ceives from  a  pint  to  a  quart  of  milk 
daily.     It  is  not  necessary  to  drink  this 
amount   of    liquid    milk    to    obtain    this 
amount  of  calcium.     It  is  possible  to  in- 
gest a  portion  of  the  milk  as  dried  or 
evaporated   milk   in   cooked   foods,   pud- 
dings, etc.     The  vegetables,  particularly 
the  leafy  vegetables,  also  contribute  ap- 


preciable amounts  of  calcium  and  other 
valuable  mineral  elements,  such  as  iron. 
Thus  we  have  learned  to  drink  more  milk 
and  eat  more  vegetables  and  fruits  in 
order  that  our  mineral  salt  supply  may 
be  adequate  for  normal  health  and  well- 
being. 

A  third  discovery  that  developed  from 
animal   experimentation  was  even  more 
unexpected    and    unbelievable,    viz.,   the 
discovery  of  vitamins.    It  was  found  that 
some   foods   did   not    contain    these   mys- 
terious chemical  substances  and  if  these 
foods  W(M-e  fed  for  long  periods  of  time 
(without    supplementation    with     other 
foods)  animals  ceased  to  grow,  failed  to 
reproduce  and  developed  disease  symp- 
toms identical  with  or  similar  to  human 
diseases  that  have  been   known   by  the 
medical  profession  for  centuries.    It  was 
soon    possible   to    produce   experimental 
dietary  diseases  similar  to  if  not  identical 
with    human    beriberi,   pellagra,    rickets 
and  scurvy.     Then  discoveries  came  so 
fast  that  even  the  research  workers  them- 
selves had  difficulty  keeping  up  with  the 
newest  developments. 

Vitamin  A  received  considerable  front 
page  publicity  because  its  absence  from 
the  diet  caused  loss  of  weight,  respiratory 
diseases    and    blindness    in    rats,    which 
could  be  prevented  when  milk,  butter  fat, 
err<r  yolk,  fish  livcr  oils,  carrots  or  pig- 
mented leafy  plants  were  added  to  the 
diet.    The  world  war  presented  an  oppor- 
tunity to  test  the  value  of  rat  experi- 
ments  on   humans   because   children   in 
Rumania  and  Denmark  were  deprived  of 
dairy  products  which  resulted  in  patho- 
logical   eye   symptoms   similar   to   those 
produced    in    vitamin    A-deficient    rats. 
When  Denmark  discovered  that  she  was 
selling  her  milk  and  butter  at  the  expense 
of  the  health  of  her  children,  she  elimi- 
nated the  eye  disease  by  regulating  the 
amount  of  dairy  products  that  could  be 
shipped  from  the  country.     In  Rumania 
the  problem  was  solved  by  administering 
cod  liver  oil  to  all  children. 

Drill iant   researches  of  the   past   few 
years  have  shown  that  the  yellow  pig- 


ment    carotene,    found    in    carrots    and 
many  plants,  can  be  changed  into  vita- 
min A  by  the  body  tissues.     The  cow 
takes  this  pigment  from  her  feed,  changes 
a  portion  of  it  into  colorless  vitamin  A 
and  excretes  the  excess  of  yellow  pigment 
in  the  milk,  where  it  is  available  for  us 
to  transform  it  to  vitamin  A  in  our  own 
tissues.     Guernsey  and  Jersey  cows  can 
not  change  this  pigment  into  colorless 
vitamin  A  quite  so  readily  as  the  Hol- 
stein  and  Ayrshire  breeds,  with  the  result 
that  butter  fat  from  the  former  is  more 
yellow  than  that  from  the  latter,  but  the 
total  biological  values  (from  the  stand- 
point of  carotene  and  vitamin  A)    are 
equal,  the  former  being  richer  in  the  pro- 
vitamin, carotene,  but  poorer  in  colorless 
vitamin  A.    The  reverse  is  true  for  Hol- 
stein  and  Ayrshire  butter  fats,  since  they 
contain  more  of  the  colorless  vitamin  A 
but  less  of  the  yellow  carotene.     Since 
Guernsey  and  Jersey  milks  usually  con- 
tain higher  percentages  of  butter  fat,  the 
total  vitamin  A  effect  of  the  milk  may 
exceed  that  of  the  non-pigmented  breeds. 
These    are    no    longer    mysterious    sub- 
stances, for  we  are  now  able  to  write  the 
chemical  formulae  for  vitamin  A  and  for 

carotene. 

Vitamin  B  or  B^  (anti-beriberi  vita- 
min) has  now  been  crystallized  and  its 
chemical  formula  is  practically  assured. 
This  vitamin  is  necessary  for  normal 
health,  appetite  and  growth  and  is  found 
in  cereals,  yeast,  milk,  leafy  vegetables 
and  fruits. 

Vitamin  C  is  now  being  manufactured 
artificially  by  the  pound,  its  chemical 
structure  has  been  determined  and  the 
chemist  calls  it  ascorbic  acid.  When  we 
eat  liberal  amounts  of  oranges,  lemons, 
tomatoes,  fresh  cabbage,  lettuce  and 
similar  foods  we  are  certain  to  obtain 
sufficient  quantities  of  this  scurvy-pre- 
venting vitamin. 

An  artificial  type  of  vitamin  D  (known 
as  activated  ergosterol)  has  also  been 
crystallized.      It    has    been    obtained    in 


pure  form  and  its  chemical  formula  is 
known  with  a  fair  degree  of  certainty. 
This  rickets-preventing  vitamin  is  neces- 
sary for  the  proper  building  of  bones  and 
teeth   in   growing   children.      Our   best 
natural  sources  are  the  fish  liver  oils. 
Milk  does  not  contain  it  in  satisfactory 
amounts,  as  a  rule,  which  accounts  for 
the   fact  that    we  find  various  types  of 
vitamin  D  milk  on  sale  which  have  been 
supplemented  with  various  forms  of  vita- 
min D. 

Vitamin  E,  the  fertility  or  anti-steril- 
ity factor,  will  not  be  discussed  because 
its  clinical  importance  has  not  yet  been 
fully  established. 

Vitamin   G  or  B2  promotes  appetite 
and  well-being.    Without  it  a  number  of 
pathological  conditions  develop  of  which 
a  pellagra-like  skin  disease  is  the  most 
outstanding.     We  find  this  vitamin  in 
many  foods,  such  as  yeast,  whole  cereals, 
milk,  vegetables  and  fruits.     Investiga- 
tions of  the  past  few  months  indicate 
that    vitamin    G    (B,)    consists   of   two 
separate  substances.     One  of  these  is  a 
yellow  pigment  called  ''flavine"  which 
is  thought  to  be  necessary  for  growth. 
The    other    fraction,    tentatively    called 
vitamin  Be,  is  thought  to  be  specific  in 
preventing   and   curing   a   dietary   der- 
matitis in  rats  which  is  similar  to  pel- 
lagra in  human  beings.     A  number  of 
other    ''B    vitamins"    have    been    sug- 
gested, but  we  have  no  information  to 
date  that  they  have  any  importance  in 
human  nutrition. 

The  newer  knowledge  of  nutrition  has 
taught   us   to   be   reasonably   careful   to 
supplement  our  daily  diet  of  meat,  bread 
and     potatoes     with     the     ''protective 
foods,"  such   as  milk,  eggs,  fruits  and 
vegetables.     It   is   unwise    and   unscien- 
tific to  condemn  wholesome  foods  merely 
because    they    are    lacking    in    certain 
dietary  essentials.     It  is  much  safer  and 
more   economical    from   a   health   stand- 
point   to    supplement    such    foods   with 
reasonable  amounts  of  milk,  e\^^:^,  vege- 
tables and  fruits. 
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